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Mass Spectrometry 

A. L. Burlingame and Robert E. Cox 
Space Sciences Laboratory University of California Berkeley Caiif 94 720 

Peter J. Derrick' 
Deparfmenf of Chem,stry, University College University of London London W C l H  OAJ Engiand 

Mass spectrometry has a Janus-like quality in embrac- 
ing and pursuing both the roles of chemical reactor and 
analytical instrument. Mass spectrometry in its guise of 
chemical reactor is probing a t  ever deeper levels the na- 
ture of the chemical reactivity of (radical-)ions. As one of 
the most sensitive of analytical techniques. mass spec- 
trometry is a t  the forefront of applied science seek- 

W r i t t e n  d u r i n g  a v i s i t  t o  t h e  Space Sciences Labora to ry ,  Uni- 
vers i ty  of Cal i fo rn ia ,  Berke ley .  

ing to rationalize the phenomenological universe a t  the 
atomic and molecular level. We have organized the pres- 
ent review according to this duality. Following our initial 
section discussing techniques, instruments. and comput- 
ers, we make sharp distinction between the chemistry of 
organic (radical-)ions and analytical applications in bio- 
organic chemistry and medicine. The sheer enormity of 
the number of publications in mass spectrometry, which 
exceeds 20,000 in the two years 1972 and 1973. demands 
that we restrict the scope of this review. We choose to 
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A. L. Burlingame received his BS from 
the University of Rhode Island and his 
PhD from Massachusetts Institute of 
Technology in 1962 with K .  Biemann. 
He was assistant professor of chemis- 
try, University of California, Berkeley, 
f rom 1963-1968 and is presently re: 
search chemist at Space Sciences Lab- 
oratory, UCB. in charge of the mass 
spectrometry unit. From 1968 to 1973 
he was a member of several interdisci- 
plinary scientific teams entrusted with 
the planning, examination, and conduct 
of the lunar science program from the 
Apollo returned lunar samples missions. During 1970-72 he was recipient 
of a J. S. Guggenheim Memorial Fellowship which was spent on bio- 
chemical-biomedical applications of mass Spectrometry with J. Sjovall at 
the Karolinska Institute, Stockholm. His research interests lie in studies 
of molecular and ionic structure and stereochemistry using cornputer- 
aided physicochemical techniques. 

Robert E. Cox obtained his BSc (Honors 
Chemistry) at the Queen’s University of 
Belfast in 1966. He then worked for a 
period with the British Petroleum Co. 
studying the composition of lipids of mi- 
croorganisms grown on petroleum frac- 
tions. Further academic study and re- 
search on the chemistry and geochem- 
istry of acyclic isoprenoid compounds 
under J. R. Maxwell and G. Eglinton 
gained for him the degree of PhD from 
the University of Bristol in 1972. After 
finishing further research work on the 
geochemistry of lipids, he joined the 
staff of the Space Sciences Laboratory, University of California, Berke- 
ley, in 1973. His current interests lie in the application of mass spectro- 
metric techniques to problems in biomedicine. 

P. J. Derrick is currently Ramsay Me- 
morial Fellow at University College, Uni- 
versity of London. He received both his 
BSc (Special Honors Chemistry, 1966) 
and his PhD (Physical Chemistry, 1969) 
from King’s College, University of Lon- 
don. As a graduate student he studied 
mass spectrometry and surface chemis- 
try with A .  J. B. Robertson and devel- 
oped the field ionization method for de- 
termining kinetics of unimolecular gas- 
phase reactions in the picosecond time 
frame. Awarded a Fellowship under a 
European Program by the Royal Society 
in 1969 and a Fellowship by the Royal Swedish Academy of Sciences in 
1970, he studied molecular physics with Einar Lindholm at the Royal In- 
stitute of Technology, Stockholm, Sweden. His work concerned photo- 
electron spectroscopy and its significance to mass spectrometry. He also 
collaborated during this time with lmre Szabo to study ion-molecule pro- 
cesses by tandem mass Spectrometry. During 1971-72 he worked with 
A. L. Burlingame at the Space Sciences Laboratory, University of Califor- 
nia, Berkeley, where h e  was an assistant research chemist and execu- 
tive chairman of the Mass Spectrometry Unit (in A .  L. Burlingame’s ab- 
sence on Guggenheim leave).  He is coauthor of some 30 papers on 
mass spectrometry and related topics. He is interested in the philosophy 
and methodology of the teaching of science. He is concerned with bridg- 
ing the present gulf between the discoveries of the researcher and the 
information available to the nonscientist. 

cover the chemistry of organic (radical-)ions a t  the ex- 
pense of inorganic, organometallic, and surface ion chem- 
istry, since it is the area in which the general principles of 
gas-phase ion chemistry tend to originate and to develop 
and in which there has been the largest investment of 
time, money, and human effort. We choose to cover bio- 
chemistry and medicine because of their contemporary 
importance and because of the stupendous contributions 
of mass spectrometry to these fields in the past two years. 
We are also guided in our choice by our own experience 
and interest. Even though the combined experience of the 
present three reviewers is wide and diverse, there are still 
large areas of mass spectrometry in which not one of us 
has specialist knowledge. We have sought to review in de- 
tail the mass spectrometry of natural products, primarily 
because they illustrate a comprehensive variety of struc- 
tural types. Compounds tend to be surveyed in biosyn- 
thetic rather than chemical categories. We believe our lit- 
erature search has been close to exhaustive in these areas; 
however, the number of papers was far too large for all to 
be usefully included in this review. We have, therefore, 
emphasized review articles, newer instrumental methods 
and techniques, fragmentation studies, and extensive re- 
ports of mass spectral data. A section is devoted to bio- 
medicine where mass spectrometry is on the verge of exten- 
sive clinical application. Mass spectrometry in environ- 
mental problems is covered briefly, since a review is in 
preparation (1273). Our literature coverage extends from 
that  previously covered (267) (December 1971) up  to the 
most recent issues of journals available a t  the University 
of California, Berkeley, as of January 10, 1974. For jour- 
nals published in the United States or Canada, this gener- 
ally means coverage up to  December 1973. Coverage of 
European journals is typically up to  October or November 
1973. We have also included some papers published before 
December 1971 having special significance to fields of in- 
quiry which were particularly active or important in this 
two-year period. 

The emphasis in our review of gas-phase organic ion 
chemistry is placed strongly on studies making significant 
contributions to the understanding of ion chemistry. We 
cover unimolecular isomerization and decomposition, ion- 
molecule processes, equilibria ana clustering, and tech- 
niques of importance. Recent advances in understanding 

of unimolecular processes have made increasingly clear 
the necessity of defining or measuring internal energies 
and lifetimes of reactant ions. Gas-phase ion chemistry is 
now a t  the stage of measuring the kinetics and energetics 
for the first few of the myriad of unimolecular processes 
identified in the past few decades. Stable ion s t ruckres  
are being determined with some degree of certainty and 
processes are beginning to be discussed in more reliable 
mechanistic detail. Appearance potential measurements 
with energy-resolved electron beams, charge exchange 
tandem mass spectrometry, collision-induced decomposi- 
tion, crossed beam studies, field ionization kinetics, ion 
cyclotron resonance, kinetic energy release studies, pho- 
toion-photoelectron coincidence studies, and pulsed elec- 
tron beam trapping studies are methods making impor- 
tant  contributions toward understanding unimolecular 
processes. 

I t  is clear that  gas-phase ion chemistry has much to 
offer in providing answers to problems addressed by tradi- 
tional physical organic chemistry. Mechanistic analogies 
between gas- and liquid-phase processes have been stud- 
ied for some time-e.g., Norrish type I1 photochemical 
reaction. Recently, thermodynamic properties determined 
for gas-phase ionic equilibria have been combined with 
appropriate solution properties, allowing the latter to be 
separated into intrinsic and solvation contributions. The 
results reveal startlingly large solvation contributions. The 
gas-phase order of amine basicities, for example, follows 
the inductive effect order revealing that  the anomalous 
order of basicities in solution is due to solvation effects 
(43). The intrinsic order of alcohol acidities has been 
shown to be the reverse of that  measured in solution 
(216); again, solvation is responsible. Gas-phase measure- 
ments have shown toluene to  be an intrinsically stronger 
acid than water (216). Moreover, solvation itself has been 
studied directly in the gas-phase (837, 838) and ther- 
modynamic properties have been determined for the sol- 
vation reactions. We have covered these studies, which 
often use ion cyclotron resonance or pulsed high pressure 
mass spectrometers, in some detail. 

“Metastable Ions” by Cooks, Beynon, Caprioli, and 
Lester (344) is one of the better books to  appear on gas- 
phase ion chemistry since Field and Franklin (506). It 
contains well-written detailed discussions of theory of 
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mass spectra, mechanisms, ion structures, energy parti- 
tioning, and instrumentation. “Theory of Unimolecular 
Reactions” by Forst (519) is an excellent book giving a de- 
tailed description of the theory of mass spectra from the 
point of view of the chemical kineticist. Unimolecular 
reactions are also discussed theoretically by Robinson and 
Holbrook (1281). “Biochemical Applications of Mass 
Spectrometry” edited by Waller (1563) remains unparal- 
leled for authority and comprehensive coverage of bioor- 
ganic chemistry. McFadden (1132) has written an excel- 
lent and comprehensive text on gas chromatography-mass 
spectrometry. Costa and Holmstedt’s volume (350) on gas 
chromatography-mass spectrometry in neurobiology is 
recommended in particular for its authoritative presenta- 
tion of the mass fragmentography technique. A number of 
good books have appeared on the theory and interpreta- 
tion of organic mass spectra, including a second edition of 
“Interpretation of Mass Spectra” by McLafferty (1139), 
“Introduction to  Mass Spectrometry” by Hill (670), “In- 
terpretation of Mass Spectra of Organic Compounds” by 
Hamming and Foster (628), “Mass Spectrometry for Or- 
ganic Chemists” by Johnstone (797), and “Principles of 
Organic Mass Spectrometry” by Williams and Howe 
(1594). Biemann (154) has reviewed the elucidation of or- 
ganic structures by mass spectroscopy. The mass spectra of 
heterocyclic compounds are comprehensively reviewed in 
the book by Porter and Baldas (1203). An unusually good 
collection of chapters has been assembled by Maccoll 
(1012) for the volume entitled “Mass Spectrometry” in 
the M T P  International Review Science Series One. Espe- 
cially recommended are the chapters on Theory of Mass 
Spectra (Wahrhaftig), Field Ionization (Robertson), 
Chemical Ionization (Field), Ion Cyclotron Resonance 
(Drewery, Good, Jennings) and Metastable Ions (Holmes, 
Benoit). Another volume in the M T P  International Re- 
view of Science Series Two, again edited by Maccoll 
(1013), should appear in 1974. The volume in the MTP 
Series One entitled “Chemical Kinetics” edited by Polan- 
yi (1236) contains chapters on mass spectrometry, in par- 
ticular a discussion of unimolecular gas-phase reactions of 
polyatomic ions by Setser. The comprehensive two-vol- 
ume set on ion-molecule reactions edited by Franklin (527) 
was described in the 1972 review (267). A second volume 
entitled “Mass Spectrometry” in the Chemical Society’s 
Specialist Periodical Report Series edited by Williams 
(1593) has appeared with chapters by many of the authors 
contributing to the first volume (1592). The overall stan- 
dard remains high, although there are still chapters which 
satisfy neither the criteria of authority nor of compre- 
hensiveness in coverage. The mass spectrometry of inor- 
ganic and organometallic compounds is comprehensively 
covered in a book by Litzow and Spalding (989) and in 
the review by Bruce (253). Surface ionization is covered 
by Ionov (753). Most recent measurements of atomic 
masses and fundamental constants are presented by 
Sanders and Wapstra (1318). Spark source mass spec- 
trometry has been reviewed (251). The volume edited by 
Price (1248) contains reviews on time-of-flight techniques, 
in particular on the combination of time-of-flight mass 
spectrometry and flash photolysis (987). The last chapter 
of this volume seems out of context. Radiofrequency qua- 
drupole mass spectrometry has been reviewed by Lawson 
and Todd (945). Ahearn (12) has discussed trace analysis 
by mass spectrometry. Listing of the literature is provided 
by the Mass Spectrometry Bulletin published monthly 
from Aldermaston, England (1035). The coverage is ex- 
haustive even for Russian and Japanese journals; however, 
in our experience, the paper titles are useful but the lim- 
ited keyword listings are of little value. In preparing this 
review, we used the Mass Spectrometry Bulletin only as a 
listing of titles, for which purpose the Bulletin’s coverage 
is slow when compared to  Current Contents (364). We 
would suggest that  the Bulletin’s abstracts be made more 
informative. The most significant papers in mass spec- 
trometry from the point of view of gas-phase ion chemis- 
try tend to  appear in Journal of the American Chemical 
Society (805), where they number about two per issue 
(50-60 per volume). Significant papers on physical aspects 
of gas-phase ion chemistry sometimes appear in Journal of 
Chemical Physics (806). Many important papers from the 
analytical viewpoint appear in Analytical Chemistry. Two 

international journals are devoted entirely to mass spec- 
trometry; these are International Journal of Mass Spec- 
trometry and Ion Physics (751) and Organic Mass Spec- 
trometry (1188). A third, Biomedical Muss Spectrometry 
(158), will appear in 1974; the necessity and role of this jour- 
nal is not at all clear. The Mass Spectroscopy Society of 
Japan publishes a journal entitled Mass Spectroscopy in 
the Japanese language (1036). 

The major conferences for mass spectrometrists remain 
the International Conferences now held triennially in Eu- 
rope and the Annual Conferences on Mass Spectrometry 
and Allied Topics held in the United States. The 6th In- 
ternational Conference was held in Edinburgh on Septem- 
ber 10-14, 1973, and the proceedings will appear as “Ad- 
vances in Mass Spectrometry, Volume 6,” edited by A. R. 
West (752). Hopefully, the volume will be indexed. Pro- 
ceedings of the American meetings, the 20th of which was 
held on June 4-10, 1972, in Dallas, Texas, and the 21st on 
May 20-25, 1973, in San Francisco, Calif., are only pro- 
duced for delegates and members of the American Society 
for Mass Spectrometry, and are not presented in the open 
literature. An important international conference orga- 
nized by the Mass Spectroscopy Society of Japan was held 
in Kyoto, Japan, in 1969, and the proceedings were pub- 
lished in 1970 under the title “Recent Developments in 
Mass Spectroscopy,” edited by K. Ogata and T. Hayaka- 
wa (1179). We hope this meeting is the charter of a new 
series. An International Symposium on Mass Spectrome- 
try in Biochemistry and Medicine was held in May 1973 
in Milan, Italy, and an International Symposium on Gas 
Chromatography-Mass Spectrometry in May 1972 was 
held on the Isle of Elba, Italy. There was a session on 
mass spectrometry a t  the 9th International Congress of 
Biochemistry in Stockholm, Sweden, July 1973. National 
mass spectrometry meetings are held annually in the 
United Kingdom, West Germany, and Japan. Significant 
papers on mass spectrometry appeared a t  the National 
(26) and in many of the divisional meetings of the Ameri- 
can Chemical Society and a t  the Pittsburgh Conference 
on Analytical Chemistry and Applied Spectroscopy 
(1233). A view of the politics of organizing mass spectrom- 
etry conferences has been given by Reed (1257). 

The advent of several commercially available ion micro- 
probe instruments has begun to heighten interest in the 
scope of possible applications for the use of ion beams for 
production of secondary ion ejection, characteristic of the 
elemental and isotopic composition of three-dimensional 
surface layers of matter. An excellent discussion of thc 
history and outlook of these techniques has just appeared 
(9%). Cameca, Applied Research Laboratory, Hitachi, 
and AEI have various versions of such instruments on the 
market which vary from $300 K to less than $100 K, one 
of which has sophisticated secondary ion mass analysis ion 
optics of the Mattauch-Herzog geometry (AEI MS-7). For 
details, the reviews of Honi (70.2), Hurley (736) con- 

beam handling and detection, Liebl (966) and Andersen 
(29) should be consulted. The review of Liebl (966) men- 
tioned above is an indication of the excellent series which 
appear monthly in Analytical Chemistry. These articles 
have been collected and augmented for a five-year period 
by Senzel (1355) and are available as a single volume, 
“Instrumentation in Analytical Chemistry.” 

An extensive and highly significant field of mass spec- 
trometry involves information which may be obtained 
through the accurate measurements of the isotopic com- 
position of elements throughout the periodic table. Devel- 
opment of techniques of isotopic mass spectrometry which 
are aimed at maximization of sensitivity and ultra-high 
accuracy has been spurred over the past few years as a re- 
sult of the return of lunar samples by the U.S. Apollo pro- 
gram and the U.S.S.R. Luna 16 and 20 missions. Studies 
of ages (geochronology), neutron fluences, and elemental 
analyses benefit enormously from these measurements. 

Studies of mass spectrometry of major, minor, and trace 
element composition, volatile light elements, radiometric 
age determinations, rare gas chemistry, radionuclides, 
solar wind and cosmic rays as well as atmosphere and par- 
ticles and neutron fluences have been reported in the 4th 
Lunar Science Conference Proceedings (3290 pp) (1249). 
References in particular papers therein document the ana- 

cerning ion production, acce B eration, focusing, analysis, 
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lytical mass spectrometric techniques employed in the 
previous nine volumes which report the first three con- 
ferences. Particularly impressive reports, made possible 
through sensitivity improvements directly resulting from 
the Apollo program, are the special U.S.S.R. Luna 20 
issues of Geochimica et Cosmochimica Acta (565) and 
Earth and Planetary Science Letters (1007). A total 
weight of 623 mg of U.S.S.R. Luna 20 sample was allocat- 
ed to U S .  investigators to carry out the research present- 
ed in 43 papers therein. 

Two further exciting reports in cosmochemistry have 
just appeared which indicate the immense power of isoto- 
pic studies in probing the nature of our own solar system 
and universe. The first was carried out by Clayton, Gross- 
man, and Mayeda (326) on the isotopic composition of an- 
hydrous, high-temperature minerals in carbonaceous 
meteorites measured as CO2. It  was shown tha t  this oxy- 
gen was strongly depleted in 170 and l80 compared with 
all previously studied materials, indicating an  admixture 
with an  almost pure 1 6 0  component. I t  is suggested that 
such a component is indicative of matter of a distinct nu- 
cleosynthetic origin, possibly predating our solar system, 
representing interstellar dust. The second paper, by Gray, 
Papanastassiou and Wasserburg, (588), demonstrates that  
some inclusions rich in refractory elements in the same 
meteorite (Pueblito de Allende) contain the lowest and 
hence most primitive 87Sr/86Sr ratio y e t  obserued. This 
observation, possible only because of the remarkable 
ultra-high precision of this group’s computerized mass 
spectrometry techniques, suggests that  these inclusions 
condensed from the solar nebula earlier than any other 
material previously studied. 

TECHNIQUES, INSTRUMENTS, AND 
COMPUTERS 

Innovative Techniques and  Instruments.  Majer (1024) 
has presented a 32-page review of the basic theory, instru- 
mentation, and application of mass spectrometry with 
special reference to the development of the equipment 
and its impact on the scope of application. I t  is recom- 
mended reading. 

A new technique for the identification and characteriza- 
tion of neutral fragments formed by electron impact on 
gaseous molecules has been discussed by Svec and co- 
workers (1258, 1504). A method of multi-channel analysis 
of ions blown off laser produced plasma is described using 
a time-of-flight principle ( I  190). Primary processes of 
photolysis of 1,l’-azopropane have been reported using a 
high intensity light beam and a collision-free photochemi- 
cal reactor incorporated into the source of a mass spec- 
trometer (1623). A discussion of the validity of plasma 
chromatographic mass mobility correlations has appeared 
(595). A theoretical study has demonstrated the possibili- 
ty of a new type of dynamic mass spectrometry for the 
analysis of macromolecules (1202). A method has been 
proposed which uses deflection plates to act as a mass 
separator that  may be capable of high sensitivity since the 
repetition frequency is only dependent upon the transit 
time of the heaviest ion through the deflection plates (74) .  
Double beam mass spectrometry has been discussed fur- 
ther, particularly in relation to obtaining accurate mass 
measurements using ionization techniques where use of an  
internal standard becomes difficult or impossible or where 
maximum sample sensitivity in the ion source is required. 
In the former case, chemical ionization (CI),  field ioniza- 
tion (FI),  and field desorption (FD) (52) present such Cali- 
bration difficulties using perfluorokerosene. 

Mass measurement accuracy using a 21-llOB mass 
spectrometer with a commercial data system AEI DS-30 
has been presented (573). Unfortunately, these authors 
have not chosen to enlighten the reader on meaningful as- 
sessment of the performance of this mass spectrometer 
and computer system except by matching the vendor’s 
specifications. This does little to aid a reader’s under- 
standing of why the mass measurements obtained show 
the reported lack of analytical precision. Operational pa- 
rameters such as sample flow rate, scan rate per decade, 
dynamic instrument resolution, effective digitization rate, 
etc., are difficult to ascertain and no mention is made of 
exactly analogous results obtained using other systems 
(264, 271). Hilmer and Taylor (671) have described a high 

resolution mass spectrometry system with data acquisi- 
tion on a Raytheon 706 computer and reduction and pro- 
cessing on a Univac 1108. One can obtain a good assess- 
ment of the factors involved in limiting the performance 
from the discussion of the accurate mass data these au- 
thors have reported. Methods have been suggested for sig- 
nal enhancement as applied to high resolution mass spec- 
trometry (1142, 1197). Signal averaging a t  high resolution 
has been applied to the measurement of I5N in creatinine 
(615). The effect of controlling the temperature of an ion 
source in a high resolution mass spectrometer is discussed 
with respect to increasing reproducibility of mass frag- 
mentation patterns for quantitative analysis of petroleum 
distillates (252). Burlingame and coworkers (266) have de- 
rived a relationship relating the number of ions in a peak 
to all other operational parameters of a high resolution 
mass spectrometer system, and have provided experimen- 
tal data on the effect of resolution and sensitivity on the 
accuracy of mass and abundance measurement for the 
MS-902 between resolutions of 2,500 and 30,000. In this 
paper, preliminary data were also obtained after changing 
the basic instrument sensitivity by incorporation of the 
hexapole lens accessory. Taya and Matsuda (1465, 1466) 
have presented the mathematical treatment of third-order 
transfer matrices for calculation of trajectories considering 
the fringing fields of an electrostatic hexapole lens, such 
as referred to above (266).  The design and performance of 
the new ultra-high resolution mass spectrometer, the AEI 
MS-50, has been discussed (487). Basic static resolution of 
150,000 has been demonstrated. The Daly metastable de- 
tector (372) is standard equipment as well as four meta- 
stable scanning modes, and attention has been paid to the 
operation of this system on-line to a computer and optim- 
izing sensitivity a t  high resolution using the hexapole 
lenses and the Nier-Johnson geometry. 

Earlier, the Berkeley group described a unified comput- 
er software and hardware approach primarily for the ac- 
quisition, manipulation, and display (either on CRT or 
hard copy) of gas chromatographic-mass spectrometric 
(GC-MS) data including gas chromatograms (1402). This 
system was called LOGOS. Recently, this group has de- 
scribed LOGOS I1 (265, 268, 270) which is a large scale 
real-time computer system for multiple instrument mass 
spectrometry including low and high resolution, GC-low 
resolution MS, GC-high resolution MS, and low and high 
resolution spectral file management. A multiplexed 13-bit 
data rate maximum of 100 KHz is available for real-time 
mass spectrometry in this system. It also includes a Fouri- 
er transform 13C nuclear magnetic resonance (KMR) 
spectrometer (1598). This high-speed real-time system is 
based on an  XDS Sigma-7 computer. A vacuum pyrolysis 
high sensitivity, high resolution mass spectrometer system 
has been used for studying the thermal release patterns of 
volatilizable and/or pyrolyzable gases from mineral sepa- 
rates from lunar fines (1387, 1615, 1616) and minerals im- 
planted with l3C, D, and 15N ions of energies (-1 KeV/ 
nucleon) simulating the solar wind. This system is oper- 
ated on-line to the LOGOS I1 Sigma-7 computer. Repeti- 
tive cyclic scans of high resolution mass spectra (43-sec 
cycle time) are used to produce exact mass-mass pyro- 
grams from ambient to 1400 “C. Sample flow rates below 
nanograms/second are sufficient. 

High resolution mass spectrometric analysis of solar 
wind and meteoritic rare gases, carbon compounds, and 
carbides released by etching of lunar fines with deuterium 
fluoride has been carried out (1614). A debatable paper on 
photographic us.  electrical recording of gas chromato- 
graphic effluents a t  high resolution has appeared (614) .  
Another system for automated evaluation of photographi- 
cally recorded mass spectra has been presented, demon- 
strating an accuracy of 5-30 millimass units depending 
upon the mass (540).  Background in this area of mass 
spectrometry folklore can be obtained from Desiderio’s 
chapter (422). Information on the response of ion sensitive 
emulsions to light ions, such as hydrogen, helium, and 
neon has been discussed (1351). A trochoidal electron mo- 
nochromator to improve electron energy resolution has 
been described (1075). 

A gas/liquid equilibrium sampling system has been de- 
scribed. It is capable of handling samples consisting of 
methane up to C5 hydrocarbons (1025). A remotely oper- 
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ated high temperature vent valve has been described 
which is able to quickly vent gas chromatographic effluent 
in certain GC applications (1073). A simple device for an- 
alog recording of the abundance of selected ions from a 
combined GC-MS has been described using prostaglan- 
dins PGFz, and PGF1, as examples (840). Combined dual 
flame ionization and total ion current detectors on a n  AEI 
MS-12 have been discussed with a view toward improving 
the molecular separator performance (256). A time-of- 
flight mass spectrometer coupled with a 110 liter/sec ion 
pump has been described for GC-MS applications using a 
palladium silver alloy separator (1408). Digitally-controlled 
computer-compatible quadrupole (469) and magnetic (613) 
instruments have been described. 

Detector Developments. Daly et  al. (372) have de- 
scribed an  improved version of their ion detector [used on 
the new AEI MS-50 (487)] which has special advantages 
for the study of metastable ions. The authors claim it pro- 
duces better peak shapes than an  electron multiplier and 
has been used with an  MS-902 on which 1500 samples 
have been run with no measurable changes in detector 
characteristics. Further work on the discrimination in 
electron multipliers for atomic ions by Pottie et al. (1244) 
has extended their earlier work (934), as well as the recent 
review by La Lau (926). Relative multiplier yields for 62 
atoms have been determined. 

Spiral electron multipliers (1243) and continuous chan- 
nel electron multipliers (1047) have been discussed in de- 
tection of positive ions and organic mass spectrometry, re- 
spectively. The latter may have advantages for operation 
with ion counting techniques. A reduction of secondary 
ion fogging on photographic plates using mass spectrogra- 
phy has been developed for use in semi-conductor analysis 
(327). Some technical details of fitting the heated cover 
plate to the ion source in a CEC 21-llOB mass spectrome- 
ter for operation in the chemical ionization mode have 
been reported (1177). A Varian CH-7 mass spectrometer 
has been adapted for carbon isotope ratios using an  ion 
counting technique (1328). Ion counting with peak 
switching techniques has been discussed (807). A pulsed 
counting method for trace analysis with more than 100 
hours counting time made it possible to measure ion cur- 
rent below A (1086). A somewhat futuristic “elec- 
tronic photoplate” ( I  138) called an  electro-optical multi- 
channel ion detector has been described (177). Ingle and 
Crouch (744, 745)  have discussed linearity and signal-to- 
noise ratio in photon counting systems in some detail. 
This may have a bearing on the limiting operation of the 
Daly detector (,372). Computer detection of mass spectral 
peaks by real-time cross correlation has been described 
(106). Resolution enhancement by iterative and Fourier 
techniques has been presented (1639). 

A retarding potential difference (RPD j with digital 
scanning and ph tse sensitive detection has been presented 
(485). A decoqvolution method for identifying peaks in 
digitized spectra (243) and an  iterative curve fitting 
method for chromatographic peaks (307) have been de- 
scribed. Work continues in use of on-line computers and 
electrical detection in connection with spark-source mass 
spectrometry (338, 1097, 1098). Dual electrode mounts 
and automatic gap control devices have been described 
( 101 9, 1020). 

Precise Isotope Rat io  Measurements. A simultaneous 
capacitive integrative system of two ion beams has been 
developed, automated, and applied to measure 160/180 
with a precision of 10-20 ppm (766). A similar system 
(101) has been described for analysis of carbon dioxide. 
An elaborate treatment of measuring procedures and cor- 
rections for high precision mass spectrometric analysis of 
isotopic abundance ratios of carbon, oxygen, and nitrogen 
has been reported (1092). Modifications of Du Pont 21-491 
(348) and AEI M S  902 double focusing mass spectrometers 
for isotope ratio measurements have been reported 
(530, 1196). Two FORTRAK programs for computation of 
isotope peak intensities in low and high resolution mass 
spectra have been presented (1532). A mathematical model 
has been presented for calculation of isotope abundance 
ratio of an isotope cluster and shows how isotope abundance 
ratios of a lahel are determined (719).,An additional formu- 
lation has been given by Buddenbaum and Daves (258). An- 
other computer program written for the Univac 1108 in NU- 

ALGOL and FORTRAN 5 for the calculation of isotopic 
species has been described (192). The program output con- 
sists of a list of ionic masses and a graphical presentation of 
the spectrum. An example calculated is octachloro-3-methy- 
lene-cyclopentene. The program may be obtained from 
the authors. Genty has developed a statistical theory for 
application to the analysis of a mixture of isotopic com- 
pounds of the same species, and it is applied to a mixture 
of hydrogenated, deuterated, and tritiated propanes (564). 
l4N/I5N determination using nitrogen gas from inorganic 
and organic samples has been reported (502). It should be 
mentioned that hydrogen, carbon, nitrogen, oxygen, sul- 
fur, and silicon, as well as a multitude of other elements 
and their isotopic composition, have been studied precise- 
ly in returned lunar samples. References to these high- 
sensitivity procedures and determinations may be found 
in Volume I1 of the Proceedings of the Fourth Lunar 
Science Conference, Geochim. Cosmochim. Acta (1249). A 
novel technique for the determination of 15N content of 
ammonia by chemical ionization mass spectrometry has 
been published by Field and coworkers (1011) which has 
the advantage of eliminating interference by water in the 
sample. 

Chromatographic-Mass Spectrometric Techniques. 
Gas chromatography-mass spectrometry has been recently 
and very thoroughly reviewed by McFadden ( 1  132). This 
book considers in some detail each component of a 
GC-MS system, their relationship to one another, com- 
puter techniques, and gives examples of applications in 
different fields. General reviews of GC-MS written by 
Junk (808) and Ryhage (1305) have also appeared. Avail- 
able information on interfacial systems is summarized 
(1386). Mass fragmentography (single or multiple ion de- 
tection) carried out with GC--MS combinations has a t -  
tracted widespread interest in the last few years. I t  has 
very rapidly become an  established method for the detec- 
tion and quantitation a t  the subnanogram level, of com- 
ponents present in complex mixtures. The method usually 
requires selection of an  appropriate derivative of a compo- 
nent which has a t  least one ion of high abundance at  a 
reasonably high m / e  value which is, hopefully, unique to 
that compound. This requires, of course, that  the spec- 
trum nf the compound in question be known in advance. 
The technique seems ideally suited for use in combination 
with CI since a large fraction of the total ion current can 
be carried by the pseudomolecular ion. The reader is re- 
ferred to the following publications for more detailed in- 
formation on the technique: applications in neurobiology 
(350), pharmacology ( 7 8 3 ,  and general (579). Stable iso- 
tope-labeled compounds are frequently used as internal 
standards and carriers (to minimize adsorptive losses) in 
GC-MS fragmentographic assays. Murphy ( I  11 7) has 
briefly but clearly discussed the precision of assays when 
use is made of this device. 

In metabolic studies, administration of mixed isotope- 
l a h e l d  precursors in appropriate amounts will lead to 
metaholites, the spectra of which show readily detectable 
isotope clusters. Use of this technique with GC-MS detec- 
tion has been described (214, 872). The use of gas chroma- 
tography when coupled to a CI source with methane as 
both carrier gas and reactant gas has been described (48) .  
A further development has b_een made which looks espe- 
cially promising (174). Blum anu Richter use excess 
methane reactant gas admixed with low flows of helium 
(thrniigh capillary columns) at the column effluent to re- 
cord CT spectra, Methane flow may be readily stopped to 
record E1 spectra. A mass spectrometer with an  external 
ioniiation source (using 63Ni) a t  atmospheric pressure is 
described (705) and some applications are recorded i 705. 
706). This instrument shows promise for GC and liquid 
chromatography coupling. 

Varinus groups have explored ways of improving exist- 
ing G r  or GC-MS systems. Devices for solid sample in- 
jection are described ( # / ,  1517).  Capillary columns have 
heen used with a packed pre-column and gas-phase split- 
ter  iall-giass) (,jfi7) or without a splitter 1141.3). Glass cap- 
illorv wlumns are now widely used in biochemical re- 
sesrch ( 1  171) but difficulties are still encountered in coat- 
ing t h e m ,  Two similar coating procedures described by 
German and Horning (.Sf%) and Blumer (176) hold prom- 
ise thr reproducible production of stable films. A hydro- 
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phobic finely divided silica is deposited with the phase. 
With the availability of poly-m-carborane siloxane poly- 
mers (Dexsils) having low bleed levels a t  temperatures in 
excess of 300 “C (1173, 1237), analyses of compounds 
equivalent in volatility to n-C,jo alkane should become 
easier. The new polar silicone phase, SILAR-5CP (558). is 
stable to a t  least 250 “C and may find increasing applica- 
tions in GC-MS. Grayson et a / .  (591, ,592) have described 
the lower elution temperatures possible when flow program- 
ming is used in GC-MS analyses instead of temperature 
programming. The technique requires some separator 
modifications to cope with flow rate changes. 

Use of a high speed differentially pumped mass spec- 
trometer has allowed direct coupling of capillary columns 
(flow up to ca. 7 ml/min) (658). An arrangement using 
PTFE shrinkable tubing permits direct coupling of low 
flow capillaries (<1  ml/min) to a conventional differen- 
tially pumped spectrometer, without air leakage (.598). 
Glass capillaries have been interfaced through a two-stage 
jet separator, make-up gas being added to maintain sepa- 
rator efficiency (1042) .  Newer types of separators have 
been further explored. These include an  effusion type with 
porous silver membranes (.590) and an electrochemical cell 
employing palladium alloy diffusion electrodes for use 
with hydrogen carrier gas (396). An adjustable one-stage 
jet “separator” for use with capillary columns has been 
evaluated with unusual thoroughness but is stated to give 
noenrichment (362). 

Liquid chromatography (LC) has been extensively de- 
veloped in the last few years, and for the analysis of com- 
pounds that cannot be subjected to GC, even by derivati- 
zation. a combination of LC and MS techniques may 
prove a powerful tool. Some preliminary approaches to 
the problem of interfacing the instruments have been re- 
ported (76. 70n’, 2005, 2458). FD methods have been ap-  
plied to  analyze effluents from a liquid chromatograph 
but this requires manual concentration of the effluent and 
placement on the emitter (2,339). 

GC analysis of diastereoisomeric derivatives is increas- 
ingly used for separation and identification of enantiom- 
ers. New derivatization reagents suitable for biological 
amines and alcohols are described (233.3). 

Computer Techniques-Gas Chromatography a n d  
.Mass Spectrometry. Previous developments in computer- 
ization of combination GC-MS techniques have. from the 
point of view of the ease of the user. fallen into two cate- 
gories: those where mass spectral scans were only initiated 
based upon the emergence of a particular gas chromato- 
graphic peak and those where mass spectra were contin- 
uously scanned a t  a cycle time small compared to the gas 
chromatographic peak width. Some of these systems oper- 
ated on truncated exact masses in real-time, including 
display of normalized mass spectra during chromato- 
graphic runs, others had varying capability limited by ei- 
ther hardware or software by comparison. At the end of 
each chromatographic run. background peaks could be de- 
leted, total ion current chromatograms displayed and 
plotted. as well as mass chromatograms of any diagnostic 
mass peak of interest. This level of capability has permit- 
ted computer exploitation of the complete mass spectral 
data on gas chromatographic effluents and it has become 
quickly realized that other parameters in total systems 
(GC-MS-computer) are limiting factors for certain types 
of applications. 

While much has been published on the computer acqui- 
sition. processing, and presentation of mass spectral data,  
only recently have papers started to appear on the appli- 
cation to gas chromatography itself. Three papers are in- 
cluded which discussed computers of widely different 
types and capabilities. Levine e t  a / .  (959) have described 
a gas chromatographic mini-computer system using the 
PDP-8. 4-K core, 12-bit memory, costing about $3000 for 
the quantification of metabolic profiles in urinary acids 
and bile salts present in biological fluids. Landowne et ai. 
(932) have described an  XDS Sigma-2 with 36-E( core and 
3-megabyte disk which is capable of handling 16 instru- 
ments; its advantage is its versatility in handling all com- 
mon problems in gas chromatographic data  reduction 
without requiring selection of special routines for different 
situations. Schomburg and Ziegler (1.3.30) have discussed 
gas chromatographic application of the Mulheim PDP-10. 

An additional paper by Henneberg. Casler, and Ziegler 
(662) discusses a computer algorithm for real-time selec- 
tion of important mass spectra during an  on-line GC-MS 
analysis. 

Several papers have been concerned with computer-con- 
trolled multiple ion detection with both magnetic and 
quadrupole mass spectrometers. Some considerations have 
been given to  a comparison of selected ion monitoring and 
repetitive scanning during GC-MS. It should be mpn- 
tioned parenthetically that  the basic and operational sen- 
sitivity of mass spectrometers differ even under allegedly 
equivalent conditions by a t  least 3 orders of magnitude. I t  
is certainly the case that  where careful and continuous a t -  
tention is being paid to maximization of sensitivity (mea- 
sured every morning for example) of an  inherently high 
sensitivity instrument, the analysis which might requirr 
specific ion monitoring. cf.  fragmentographic techniques. 
in a less sensitive instrument could be carried out by rnu.s.5 
chromatography even under conditions of high resolution 
(up to  10,000). This particular fact of life contributes t o  
the folklore of the alleged advantages and disadvantages 
of differing instruments and techniques. especially when 
so many of the fragmentographic techniques will ulti- 
mately find a role in the hands of researchers and analysts 
of minimum familiarity with the capabilities and opera- 
tional maintenance of mass spectrometers. Examples of 
specific systems include Holland e t  al. (687) using O-ace- 
tyl derivatives of methylglycosides and methyl esters of 
prostaglandins PGFZ, on an  LKB 9000 with a PDP-81: 
Watson et al.  (1218. 1577) using prostaglandins PGE:! and 
PGFz,, on LKB 9000 with a PDP-12A; Holmes ~t nl .  (69911) 
using either a PDP-81 or PDP-12 with an LKR 9000 e m -  
phasizing analyses in picograms using isotope tracers and 
rn?,o-inositol [trimethylsilyl (TMS)] ,  alanine, and glucosr 
as test compound:;; Klein et al.  (864) using a Perkin- 
Elmer model 270 with a 400 multichannel analyzer. ana- 
lyzing chenodeoxycholic acid; Elkin e t  al.  ( 4 7 4 )  using an 
LKB 9000 with PDP-12 analyzing tetrachloropyrocatechol, 
pentachlorophenol. and tetrahydroquinone; Baczynskyj ~t 
al.  (71) using an  LKB 9000-IBM 1800 and prostaglandin 
PGE2 and PGF2 and 79,l‘ip-dimethyltestosterone. Com- 
parison of selective ion monitoring and repetitive scanning 
using an  LKB 9000 (2306) and using cholestane as a test 
compound was reported (1065). Jenden and Silverman i 7#7) 
reported an  analog data processor for multiple specific ion 
detection using a quadrupole. An interactive display-ori. 
ented data system for a quadrupole operated as a GC-MS 
has been discussed (368). Caprioli and Murphy ( *511 )  have 
discussed fragmentographic techniques in their determi- 
nation of abundance of stable isotopes using the quadru- 
pole. Klein et al.  (863) have discussed instrument design. 
considerations, and clinical applications of stable isotope 
analyses on chenodeoxycholic acid. For further papers. see 
the sections on analytical applications. 

Computer Techniques in the Handling a n d  Interpre- 
tation of Mass  Spectra .  By far the best review of com- 
puterized data  acquisition and handling is given by Ward 
(2569). However, in certain instances. the emphasis seems 
to be misplaced or the statements are lacking authentic1 
ty, such as the implication on page 267 that the funda- 
mental techniques and software required for lour resoli L -  
tion data  acquisition are fundamentally differen: from 
those for high resolution. His choice of discussions of prac- 
tical and theoretical considerations regarding the sources 
of error in high resolution mass spectrometers, using p1,it)- 
lications by authors who do not have a track record in  
solving these difficulties. is sometimes misleading. Hut. 
his points regarding the advantages of coding in high level 
languages such as FORTRAN on 16-bit and longer word 
computers. and those emphasizing trends toward corn - 
plete data  acquisition, processing, and computer-aided i n -  
terpretation systems and unified approaches to low and 
high resolution system software are well taken. Howev~r ,  
re page 275. it certainly is easier to obtain accurate mass 
measurements on small quantities of material by corrert 
use of a data  system than by any other known technique. 
He correctly points out on page 279 a practical problem in 
ion-source saturation suppression of perfluorokerosene ref- 
erence compound peaks (see discussion of double heam 
instrument above). 

Some aspects recently developed are of significant prar- 
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tical advantage in the daily practice of mass spectrome- 
try. These include the work by Heller and coworkers 
(653-655) on an  interactive conversational mass spectra 
search system accessible over telephone lines. The file 
may be searched in a number of ways including by peaks 
and intensities, molecular weight, or molecular formula. 
In addition the complete mass spectrum of any compound 
on file can be printed out. The system is now available 
commercially under General Electric’s Mark I11 computer 
service by the designation Mass Spectral Search System 
(MSSS) (563). In a similar vein, the molecular weight 
index of the Merck index is now available (1442). Leder- 
berg has described a generalized compilation of tables of 
accurate masses for the rapid calculation of molecular for- 
mulas (947). He has recently written a generalized treat- 
ment of all elemental compositional accurate mass dou- 
blets (948). Work continues on the computation of the 
molecular weight when the molecular ion is not present in 
the mass spectrum (778). Of enormous immediate benefit 
in the practice of mass spectrometry is the compilation 
and retrieval of computer files of mass spectra and their 
maintenance. Many laboratories are seriously concerned 
and contribute to these file management and retrieval 
systems. The API project 44 and TRC DATA project cata- 
logs of petroleum-related spectra have been discussed 
(1647). Classification of mass spectral data  files has been 
described for the Aldermaston collectioh (1352). Criteria 
for the identification of low resolution mass spectra by re- 
trieval from a file continue to be discussed (105, 328, 494, 
922, 1133). Grotch has continued work on computer iden- 
tification of mass spectra using highly compressed spec- 
tral codes (605, 606). Other diagnostic functions and bina- 
ry encoding have been described (1057, 1145, 1278, 1279). 
A compiler level search algorithm for spectra of mixtures 
has been reported (756). A method has been proposed for 
identification of GC-MS components using the most in- 
tense peaks in the mass spectra (1459). 

The philosophy and merits of off-line computing in 
mass spectrometry are discussed with respect to providing 
efficient service (796, 953). Computer programs for presen- 
tation of mass spectra on a Cal-Comp 565 plotter are avail- 
able on request (1461). 

A considerable amount of interesting work on the statis- 
tical clustering approach continues in computer-aided 
analvsis of mass spectra. Isenhour and Justice reviewed 
this-approach recently (757). A series of papers has also 
been vublished (112. 112. 495. 528. 809. 901. 1293. 1508). 
Computer-aided analysis of organic mass spectra with re- 
spect to low resolution GC-MS (1531) and the Mulheim 
PDP-10 system has been described in some detail (663). 
Smith (1397) has described a compound classifier based on 
computer analysis of low resolution mass spectra. In this 
technique, use is made of ion series spectra derived from sets 
of authentic mass spectra. Particular applications to geo- 
chemical and environmental studies have been empha- 
sized. The applications of artificial intelligence in connec- 
tion with mass spectrometry continue. One paper points 
out the possibility that  there may be a relationship be- 
tween the mass spectrum and pharmacological activity of 
a compound (1485). Heuristic programming (895) for the 
generation of primary ions with charge localization has been 
described (391). The primitive operation of this program 
currently includes: ionization with charge localization; 
bond homolysis p to a radical site; bond formation be- 
tween two adjacent radical sites; transfer of a hydrogen 
atom to a radical site uia cyclic transition states of various 
sizes. 5-Diethylaminopentan-2-one was used as a test case. 
Lederberg, Feigenbaum, Djerassi, and coworkers have 
made progress in the application of artificial intelligence 
for chemical inference in the area of mass spectrometry 
with papers 9-13 in their series (288, 1033, 1034, 1398, 
1400). Ward (1569), and references therein, contains a re- 
view of the earlier papers in this series. Work is continu- 
ing on the analysis of ,mixtures of estrogenic steroids 
(1398). Estrogenic steroids are used in the test of a new 
program called INTSUM (1400) which interprets, in 
terms of all possible fragmentation breaks. the high reso- 
lution mass spectral data  collected on known compounds 
and is able to use these rules thus derived to make inter- 
pretive suggestions regarding new members of this struc- 
tural class. The most impressive and far reaching aspect 

0 2 4 6 8  

Internal Energy E (eV 1 
Figure 1. Relationships between internal energy distribution 
function P ( E )  for molecular ion and rate curves of microscopic 
rate constant k against in!ernal energy E. Al l  curves are hypo- 
thetical. The shaded bands denote the ranges of internal ener- 
gies E and microscopic rate constant k associated with metasta- 
bles. T h e  energies E , ,  €2,  and E, are arbitrary and have no 
significance other than to demonstrate how differing internal 
energies E can induce different reactions 

of their effort in this period is the formulation of mathe- 
matical and computer tools for the exhaustive generation 
of cyclic structures and for use in solution of the problem 
of labeling objects having symmetry (1033, 1034). This cy- 
clic structure generator employs “prospective pruning” to 
avoid duplicate and other undesirable structures. A first 
attempt has appeared in the application of these tech- 
niques in an  area other than mass spectrcmetry and pro- 
ton nuclear magnetic resonance, namely 13C NMR of ter- 
tiary amines (288). A non-heuristic application of the 
original dendritic algorithm to computer determination of 
structures of branched alkanes from I3C NMR data is de- 
scribed by Burlingame and coworkers (269). 

ION CHEMISTRY: UNIMOLECULAR PROCESSES 
We restrict our review to the gas-phase chemistry of 

polyatomic ions; in general we do not cover studies of dia- 
tomic or triatomic molecules. 

Unimolecular rearrangement and fragmentation reac- 
tions are the essential and fundamental foundation of mo- 
lecular mass spectrometry. It is the charged products of 
such ionization-induced processes which appear in the 
mass spectrum. 

Theory. The quasi-equilibrium theory (QET) remains 
the accepted theory for treatment of unimolecular gas- 
phase reactions of polyatomic ions (1292, 1537). Gas-phase 
ionization imparts internal excitation energy E to the re- 
sulting molecular ion. The QET assumes that ionization is 
rapid compared to subsequent chemical reaction. I t  is fur- 
ther assumed that. prior to chemical reaction, excited 
electronic states of the ion cascade to the ground state by 
radiationless transitions and that the internal energy E is 
randomized over all internal vibrations and rotations. In 
which case internal energy E can be described by a distri- 
bution function P ( E )  as in Figure 1. A distribution func- 
tion approximating to the hypothetical function in Figure 
1 might be appropriate for certain molecular ions formed 
by 70-eV electron impact (EI) or 21.2-eV photon impact 
(PI).  The internal excitation energy E typically leads to a 
variety of competing unimolecular chemical reactions, the 
products of which can themselves react further. Each of 
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Figure 2. Unimolecular reaction times (ion lifetimes) accessible 
to various mass spectrometric techniques. Bracketed times indi- 
cate that  the technique gives an integrated view of all reaction 
occurring in that time frame 

these reactions can be described by a curve of microscopic 
rate constant k us. internal energy E. In Figure 1, we show 
such curves for three competing reactions A, B, and C of 
the hypothetical molecular ion. The distribution of inter- 
nal energies P ( E )  gives rise to a distribution of rate con- 
stants and of reaction times. Reaction times vary from a 
minimum generally considered to be in the region of 
or 10-14 sec ( i . e . ,  comparable to molecular vibrations) to 
presumably infinity. Figure 2 shows the ranges of reaction 
times accessible to different mass spectrometric tech- 
niques. Distinction 1s made between resolved and inte- 
grated views of events. By “resolved,” it is meant that 
reaction can be studied as a function of time; information 
takes the form of a curve of number of product ions us. 
time. By “integrated,” it is meant tha t  the only informa- 
tion is the number of product ions formed (within some 
long time interval). The distinction is actually quantita- 
tive rather than qualitative. For the purposes of studying 
ion chemistry, a resolved view is desirable. Competition 
among reactions depends on internal energy. To demon- 
strate this point, we arbitrarily select three values of the 
internal energy, El. E2, and E3 (Figure 1 ) .  Molecular ions 
with internal E1 can undergo only reaction C at  a rate de- 
scribable by the rate constant k lc  of value approximately 
104 sec-1 and giving rise to reaction times of sec. 
Such reaction times are accessible by ICR or by a special- 
ized technique with long drift tubes such as set up by von 
Zahn and colleagues (1462, 1463, 1544) (see Figure 2).  
Molecular ions with internal energy E2 undergo reaction B 
with a rate constant k213 of about 109 sec-l. Such a reac- 
tion is accessible with most techniques but only field ion- 
ization kinetics provides a resolved view (Figure 2). The 
energy E2 is sufficient to  induce either reaction A or C as 
well as reaction B, but these reactions are not seen as they 
are too slow a t  this energy to compete with reaction B 
ti .?. .  k z B  >> kpA or k 2 C ) .  Those reactions referred to as me- 
tastables m* are reactions with rate constants of 105-106 
sec - l  (see Figure 1) .  In the hypothetical model, both reac- 
tion €3 and C would appear as metastables. At internal 
energy E3, both reactions A and B occur although the for- 
mer predominates (since k3A > k3B) .  Reaction a t  E3 oc- 
curs in times of the order of 10-13 sec. Assuming no fur- 
ther reaction. the 70-eV electron impact (EI) mass spec- 
trum would contain the products of two of the three reac- 
tions ( A  and B).  The intensities would represent the total 
number of product ions formed within some period of the 
order of microseconds following ionization. The reaction C 
would be too slow to make a contribution to the mass 
spectrum, but would be detected as a metastable transi- 
tion (along with B). 

The QET is a modified form of absolute reaction rate 
theory and employs the concept of activated complex or 
transition state. The rate constant k a t  some internal en- 
ergy E is obtained from the ratio of the number of energy 
states of the activated complex with energy I E - Eo (Eo  
is the activation energy of the reaction) to the number of 

energy states of the reactant ion a t  energy E (1557), and 
thus QET is a statistical theory. Available methods for es- 
timating numbers or densities of energy states have been 
discussed by Forst and Pr@il (520, 521). Recently Klots 
(866, 867, 869) and Knewstubb (874, 876, 877) have sepa- 
rately pointed out advantages to be gained by invoking 
the principle of microscopic reversibility and treating ion 
fragmentation as an ion-neutral collision. The resulting 
reformulations of the QET emphasize tha t  ion decomposi- 
tion can give rise to rotations of the separating fragments 
(874, 876) which should tend to enhance fragmentation 
rates. The reformulations (877) establish the necessity of 
separating free energy of activation into entropy and en- 
thalpy terms ( c f .  406) and suggest a role for quantum- 
mechanical tunneling (866). Bunker (261) has shown how 
rotational energy of reactants makes important contribu- 
tions to the internal energy of the activated complex. 

While the QET is the most, if not the only, useful theo- 
ry of mass spectra, it is becoming increasingly clear that  
the basic tenets as to the rapid energy randomization and 
rapid decay of excited electronic states are not universally 
valid. Results from crossed-beam experiments indicate 
tha t  energy is not randomized prior to loss of CH3. from 
the collision-complex C4Hs.t (949). Excited electronic 
states of COS+ (420),  H2O.+ (983),  and CzH2.t (1449) 
formed by E1 have lifetimes approaching microseconds or 
longer. Kinetic measurements Uon benzene (32) in the 
nanosecond time-frame suggest tha t  C4H4+ and C3H3+ 
are formed from an  excited electronic state, whereas 
&Hst and CsH4+ are formed from the ground state. In- 
terpretation of photoionization measurements on benzene 
(1291) supports this view. Results f r o p  a longitudinal tan- 
dem mas6 spectrometer indicate tha t  hexan-2-one has an 
excited electronic state with a lifetime of microseconds 
(976). Emission studies (544) reveal that  neutral frag- 
ments from the decomposition of methylamine ions are 
formed in excited electronic states. Isolated excited elec- 
tronic states have been invoked to explain results of 
charge exchange measurements on 1%’-phenylbenzamide 
(1509) and of appearance potential measurements on 
C,jH&OX (123).  Photoelectron/photoion coincidence 
measurements suggest that isolated excited electronic 
states are involved in the decomposition of C2F6.- (1384). 

Quantum-mechanical theories (23, 24, 1072) of unimo- 
lecular decomposition have been proposed as alternatives 
to the classical statistical theories. The relationship be- 
tween a quantum-mechanical approach and the statistical 
theories has been discussed by Knewstubb (875). A sto- 
chastic theory of vibrational dissociation has been de- 
scribed (561). 

Quantum-mechanical calculations of molecular orbital 
energies of reactant ions, of possible intermediates in de- 
composition, or even of‘ possible activated complexes have 
been made with a view either to exploring the extent of the 
correlation between calculated bond charge densities and 
fragmentation patterns (990,1316, 1319, 1451) or to elucidat- 
ing particular features of a fragmentation mechanism 
(742, 1204, 1205, 1512). The molecular orbital approach 
demands the most accurate methods of calculation and a 
sensible choice of molecule. It is of questionable value to 
apply a method as approximate as the extended Huckel to 
a molecule as complex as estrone (990). Attempts to cor- 
relate bond dissociation energies derived from appearance 
potentials with fragmentation patterns have met with 
only limited success (467, 468, 1345). Calculations using 
the simpler formulations of $ET have been useful in ra- 
tionalizing the fragmentation of certain molecules ( 1  13, 
115, 274, 582, 741, 1215, 1320). 

Charge Exchange. Ionization by charge exchange has 
the unique advantage that known discrete amounts of in- 
ternal energy are imparted to the molecular ion. Theory 
and mechanism of charge exchange have been discussed 
(198, 1026). By using tandem mass spectrometers, accu- 
rate breakdown curves of fragment ion intensities as a 
function of internal energy can be drawn up (984).  Saga-  
tani et  al. (1150, 1151) in Japan have reported breakdown 
curves measured with a tandem mass spectrometer of per- 
pendicular type using high kinetic energy bombarding 
ions. A means of modifying a single-stage mass spectrom- 
eter so as to  be able to make charge exchange measure- 
ments has been described (1290). Lindholm (984) has 
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pointed out that ,  for certain special classes of molecule, 
appearance potentials of fragments derived from charge 
exchange breakdown curves tend to occur a t  energies a t  
which there is a band in the photoelectron spectrum of 
the molecule concerned. These coincidences exist for cer- 
tain of the smallest polyatomics (984) iuiz., "3, CzH4, 
C2H6, CH30H) and for certain monocyclic aromatics juiz. 
benzene (803), pyridine (804). thiophene (403), furan 
(402), pyrrole (404j ,  cyclopentadiene (4051, pyrimidine 
(50), pyridiazine (SI), pyrazine (533), s-triazine (532), s- 
tetrazine (534jl. These experimental coincidences are in- 
terpreted (984) by correlating ionization of a particular 
niolecular orbital with particular fragmentation reactions 
on the basis that  the bonds suffering the greatest reduc- 
tion in electron density on vertical ionization will be the 
ones that subsequently rupture. This implies that  energy 
is not randomized prior to fragmentation and that  frag- 
mentation occurs from excited electronic states of the 
ions. Such conclusions directly contradict the QET ap-  
proach. These experimental results from charge exchan e 
m a s  spectrometry and their interpretation which hofd 
such fundamental implication have received little atten- 
tion, other than from Wahrhaftig (1557) who points out 
that  correlations between electron densitites of ionized 
molecular orbitals and fragmentation do in general not 
exisc. 

Appearance Potentials.  Electron impact (EI) measure- 
ments of appearance potentials can now be made with 
considerable precision and should lead to accurate heats 
of formation of ions and radicals becoming available. Pho- 
toionization (PI) measurements are reviewed separately in 
a later section. Lossing (998) reports appearance poten- 
tials measured with energy-selected monoenergetic elec- 
tron beams (energy half-widths of better than one-tenth of 
an  eV).  One example of their use has been to establish the 
existence of the cyclopropenyl ion C3H3+ with a heat of 
formation of 256 k 2 kcal/mole; C3H3- is theoretically 
the smallest possible aromatic system (4fi + '2, n = 0). 
Monoenergetic electron beams undoubtedly provide the 
most precise measurements of appearance potentials 
(1452): however, use of mathematical procedures can re- 
fine measurements made without energy analysis of the 
electron beam. Johnstone and colleagues (798. 799) refine 
their measurements by a computer method referred to as 
ionization efficiencyienergy distribution difference (IE/ 
EDD), which they claim gives values for appearance po- 
tentials with an accuracy comparable to that  of PI.  Using 
this method, no difference (<0.2 eV) was detected be- 
tween appearance potentials of certain fragment ions 
rormed in the source and the appearance potentials of 
iragment ions of those same masses formed in the meta- 
stable region (125. see also 1176). If these results are genu- 
ine, they indicate that kinetic shifts cannot be easily esti- 
mated from measurements of appearance potentials of 
metastables. The results support the view that  kinetic 
shifts are likely to be no greater than the usual experi- 
mental error in measuring appearance potentials or the 
average thermal internal energy (640) .  A method for de- 
termining kinetic shifts directly (975), by trapping reac- 
tants in the space charge of an electron beam for up to 
milliseconds and measuring appearance potentials as a 
function of residence time. promises to throw considerable 
light on the question of the magnitude of kinetic shifts. It 
has been suggested that kinetic shifts can be estimated by 
measuring appearance potentials of fragment ions formed 
after milliseconds by ion cyclotron resonance (ICR) tech- 
niques: however, the reported results do not establish ICR 
as an accurate method for appearance potential measure- 
ments (600). Morrison et  al. (1100-1102) use time-averag- 
ing and deconvolution to obtain accurate ionization effi- 
ciency curves: results are interpreted with the aid of pho- 
toelectron spectra. Flesch and Svec have reported a meth- 
od for the rapid measurement of appearance potentials 
(513) and have pointed out the advantages to deconvolut- 
ing ionization efficiency curves ( 5 2 4 ) .  Finney and Harrison 
(510) report a third-derivative method for determining ap- 
pearance potentials which they suggest is superior to the 
second-differential technique (1099). Pihlaja, .Talonen and 
colleagues (7Z-776, 1208) and Loudon and colleapes 
(2.87) have been concerned with using appearance poten- 
tial measurements for determinations of ion structure 

(774). Interest in substituent effects (127, 380, 472, 772, 
1231)  has declined sharply in recent years. although good 
discussions by Benoit (120-123) of Hammett correlations 
in general and with appearance potentials in particular 
have appeared. 

Kinetic Energy Release during Fragmentation. Pro- 
lific pubiication during the past two years by Beynon, 
Cooks. and colleagues (340) and to a lesser extent by 
Franklin and colleagues (1354) has reemphasized the fun.. 
damental importance (867, 868) of kinetic energy release 
during ionic fragmentation. The energy release arises from 
the excess energy above the activation energy ( i , e . ,  the iE- 
ternal energy of the activated complex) and from the re- 
verse activation energy (801). Using either a time-of-fiighr. 
method (631, 632) or the deflection method (526, 1354) of 
Taubert (1464). Franklin and colieagues measure translz- 
tional energy distributions for the fragment ions from spe- 
cific dissociation reactions induced by E:. The mean 
translational energy ? t  is calculated from the area beneath 
the distribution curve (526, 1354, 1581) and related to the 
totai excess energy E* (Le., internal energy of the activat- 
ed complex) by the formula (631) c-: = E*/aK.  A' is the 
number of internal degrees of freedom and (7 is an empirl- 
cal constant. Tne formula has been critically discussed by 
Klots (667, 868). implicit in the use of the formula is the 
assumption that the reuerse activation energy is negiigi- 
ble. This assumption is justified on the grounds that the 
reactions studied are simple bond cleavages and that.  
since they occur in the ionization chamber. the reactions 
must be rapid sec) and involve reactant ions of 
high internal energies. Measured energy releases are typi- 
cally in the region of a few kcal/mole ana  the estimated 
values of excess energies tend to be in the region of 20-50 
kcalimole. The excess energies can be used to correct ap- 
pearance potential measurements so as to obtain accurate 
values for heats of formation of ions and radicals (631, 
632, 1354). The calculated values for heats of formation 
generally agree well with previous determinations. Frank- 
lin and colleagues (633, 636, 1566) have also measured ki- 
netic energy release associated with dissociative resonance 
capture processes. Since the excess energy is known and 
can be varied, reliable conclusions can be drawn con- 
cerning energy partitioning among translational, vibra- 
tional. and electronic excitation modes. 

Beynon, Cooks. and colleagues estimate energy releases 
(80, 152) associated with specific decomposition processes 
from the metastable peak widths as measured by the Bar- 
ber-Elliott defocusing technique (79, 788). Results are fre- 
quently interpreted by assuming that energy release arises 
solel)' from the rei)erse actiuation energy and that the con- 
tribution from excess energy is negligible (800-802). The 
assumption is justified on the basis that  metastables are 
reactions of ions of low internal energy. A second point is 
that  the reactions chosen for study tend to be rearrange- 
ments (as opposed to direct b m d  cleavages), which in 
general are more likely to be associated with significant 
reverse activation energies. The starting point to the in- 
terpretation is diametrically opposed to that assumed by 
Franklin and colleagues. The energy released during meta- 
stable fragmentation can be as high as several hundred 
kcaljmole as in the collision-induced dissociation of Hz- 
(150, 341) or as low as a few thousandths of a kcal/mole as 
with the loss of HCK from the sym-triazine molecular ion 
(142). A few kcal/mole is a typical value. Beynon, Cooks, 
and coworkers (854) have recently reported measurements 
of kinetic energy release as a function of time over the 
range 4 psec to 15 psec; results for the loss of' HCN from 
ionized C6H5Cr\; indicate a variation in energy release of 5 
meV which is much less than indicated by measurements 
(32) on the kinetics of this reaction. The major signifi- 
cance to date of energy release by metastable fragmenta- 
tion has been as a mechanistic probe (140, 340. 800). Dif- 
fering energy releases establish the existence of two dis- 
tinct reaction channels effecting loss of HCHO from ani- 
soles (340) and of two distinct reaction channels effecting 
loss of KO from aromatic nitro compounds (139). Differing 
energy releases establish that there are two ion structures 
of formula CiH7- formed from ionized toluene, cyclohep- 
tatriene, and tert-butylbenzene and reacting to lose H. and 
C2Hz in the metastable region (343) .  Holmes (691) distin- 
guishes isomeric HzC02.+ ions in the mass spectra of ox- 
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alic and formic acids and isomeric H4C202.+ ions in the 
mass spectra of malonic and acetic acids on the basis of 
metastable peak shapes. Deuterium isotope effects upon 
energy release for simple bond cleavages to lose H. (U.)  are 
small as theory predicts (134, 135). Significant isotope 
effects upon energy release have been observed for certain 
reactions effecting loss of H. (D.); these reactions probably 
involve rearrangement (134). The large kinetic ener y re 
leases observed for the dissociation of doubly-charge8 ions 
into two singly-charged fragments provide a means of calcu- 
lating effective charge separations for the doubly-charged 
species by assuming all the energy release to originate from 
coulombic repulsion (53, 56, 143). The magnitude of the  
charge separation can sometimes elucidate the structure 
of the ion. Ionization potentials for the formation of dou- 
bly-charged ions (rn - m2+ + 2e) can be estimated from 
the difference in kinetic energy between the m+ and m i 2 +  
ions involved in the reaction m- + N - m2+ +N + e 
(339). The energy releases for metastable decompositions 
of C&6+ ions from benzene are similar in magnitude to 
energy releases for decomposition of C & j +  ions formed 
by charge exchange from doubly-charged CsH6’’ (843) .  It 
has been argued (843) tha t  both types of CeH6” therefore 
have the same structure. C6H62+ is probably acyclic (151) 
so C6Hst formed from C6H62+ by charge exchange is 
most probably also acyclic. In  which case CsH6’ formed 
by ionization of benzene and decomposing in the metasta- 
ble region is acyclic. 

Chemical Kinetics. In  opening the international coil- 
ference in London, 1958, Sir Cyril Hinshelwood comiiieiit- 
ed of mass spectrometry “the behavior of molecules in 
this fragmentation is a new and self-contained chapter of 
chemical kinetics” (672). I t  is regrettable tha t  some fif- 
teen years later, genuine kinetic data,  that  is to sa). rates 
of reaction as a function of time. are available for so few 
of the legion of known unimolecular decomposition pro- 
cesses of polyatomic ions; the need for kinetic data  is per- 
haps reflected by the intensity of discussion (344, 867, 
1557) stimulated by a single paper (32) presenting data  as 
to rates of decomposition in the nanosecond time-frame 
( W 9  to 10-6 sec). The  field ionization kinetics technique 
is unique in allowing lifetimes of reactant ions to  be mea- 
sured over six orders of magnitude of time from microsec- 
onds to picoseconds (92, 418) and is discussed separately 
below. Lifetime measurements a t  times approaching 
nanoseconds following electron impact (EI)  have been re- 
ported by Karachevtsev and Tal’rose (820, 821 ). Ottinger 
and colleagues (667, 668, 1191. 1194) have measured de- 
composition rates in the nanosecond time-frame for ben- 
zonitrile, butane, and heptane ions formed by EI. Recent- 
ly Andlauer and Ottinger (31, 32) have extended their ex- 
perimental technique so as to measure decomposition 
rates of benzonitrile, benzene. and thiophene ions formed 
by charge exchange. The internal energies of the reactants 
are known and are approximately monoenergetic. The re- 
sults prove that the reactions CsH6- - ~ *  C&- + ‘rI and 
C6H6* + C4H4- 4- CzH2 are not in competition with 
each other. A review of ions of short lifetimes is to be 
published (401). Using drift tubes of variable length. von 
Zahn and Tatarczyk (1462, 1463, 2544) have measured the 
time dependence of decomposition processes of ions 
formed by E1 of alkanes a t  times between 5 and 500 psec. 
The results agree satisfactorily with predictions ot QET.  
The dependences on time for a number of decompositions 
a t  times of the order of microseconds ( i . e . ,  over just one 
order of magnitude of t ime) have been measured using 
time-of-flight instruments (1303). The various kinetic 
measurements irrefutably establish that  many reactive 
polyatomic ions typically have distributions of lifetimes 
extending from 
sec (and probably longer) and that  ionic decompositions 
are chemical processes describable by statistical (or uther) 
rate theories such as QET. 

Field Ionization Kinetics. The field ionization kinetics 
technique (9%) provides the necessary information to  quali- 
tatively identify the nature of’ rearrangement and f‘ragnien- 
tation reactions in the picosecur~d time-frame (10 ~ 12 to 
10- sec) and in addition allows the course of each reac- 
tion to be followed down to times of the order of microsec- 
onds (406. 1107). Field ionization kinetics affords a time- 
resolced view of the suite of competitive processes induced 

sec (and probably shorter) tu 10 

by ionization (41 1). Rates of reaction and phenomenologi- 
cal rate constants are accessible at times as short as pi- 
coseconds and at longer times u p  to microseconds (95, 
418). In the past two years, detailed descriptions of meth- 
ods of calculating lifetimes have appeared (491, 1227, 
1538). The lifetimes calculated by the method of Viney 
(1538) would appear to be in error by a n  order of magni- 
tude. The technique is also applicable to dissociations of 
doubly-charged ions (99). Beckey and colleagues (Y5, 
960-962, 1469) have shown tha t  the field ionization kinet- 
ics da ta  on ionic decompositions (at times from ca. 
to  10-6 sec) do support QET. The rates of ionic decompo- 
sitions induced by FI are significantly increased by raising 
the source temperature (961) suggesting tha t  some control 
on the internal energy of reactant ions may be possible in 
this way. 

To  successfully apply the field ionization kinetics to 
problems in ion chemistry demands the use of‘ a double 
focusing mass spectrometer, so that energy analysis and 
mass analysis of fragment ions are performed in separate 
stages (407, 491). Measurements should preferably be 
made by scanning the accelerating voltage rather than the 
electric sector analyzer voltage (417, 491). Using a double- 
focusing mass spectrometer, Derrick et  a l .  (407, 41 1)  have 
been able to throw some light on the nature of processes 
responsible for the phenomenon of H / D  randomization. 
Isomerization via 1,3-allylic hydrogen shifts plays an  im- 
portant role in H/D randomization within alkene ions 
[viz. 2-methylpropene (410, 412), 1-butene (411). cyclo- 
hexene (408)l. H/D randomization in ketone ions is ar-  
rived a t  via a sequence of rapid hydrogen shifts to and 
from the carbonyl group and within the hydrocarbon 
chain (416). Derrick and Burlingame (406) have empha- 
sized the extent to which the outcome of the competition 
among various reactions of a molecular ion is dependent 
upon reaction time and have discussed the factors respon- 
sible. There is evidence (409) that,  in general. i‘ive-mem- 
bered cyclic transition states may tend to  be “looser” 
( ie . ,  less negative activation entropy) than six-mkmbered. 
Kinetics of y-hydrogen rearrangements in hexanal suggest 
that  y-hydrogen transfer and @-cleavage may be concerted 
in the process retaining the charge on the oxygen moiety 
(415). Wood et  al. have demonstrated the usefulness of 
the concept of charge localization for rationalizing McLaf- 
ferty rearrangements of acetate esters (1612). The field 
ionization kinetics technique reveals a n  apparent inverse 
kinetic isotope effect on fragmentation of 2-methylpro- 
pane ions (414). 

Mechanistic Interpretat ion of Electron Impact  (EI )  
Mass  Spectra.  From the viewpoint of mechanistic ion 
chemistry, the information contained in the ’iO-eV E1 
mass spectrum of an  unlabeled molecule is setting up 
questions rather than providing answers. To  even ap-  
proach a position where mechanisms can be postulated 
necessitates extensive labeling with stable isotopes (D. 
13C, ISO, I5N) (692), accurate mass measurement to de- 
termine atomic composition. metastable measurements, 
and low electron energy (10-12 eV) mass spectra (207, 440, 
460, 462, 624. 697, 698, 845. 937, 1107, 1.36.5, 1492, 149.5, 
1613-these few selected papers typify the better studies 
of E1 mass spectra). Moreover. even this abundant infor- 
mation is often insufficient to provide a secure mechanis- 
tic solution, and merely reveals that  a process is still more 
complex than might otherwise have been supposed. The 
complexity encountered is illustrated by the ;-phenyl- 
hept-3-en-2-one 0-methyioxime ion, in which a sequence 
of four hydrogen shifts occurs from the oxime to the phe- 
nyl moiety so that  the neutral naphthalene can be elirni- 
nated (970). Triple hydrogen rearrangements occur in allyl 
vinyl ether and thioether ions prior to fragmentation 
(834). Product stability is a major factor directing these, 
and many other, rearrangements .which lead to fragmenta- 
tion. Further examples of the importance of product sta- 
bility have been reported in steroid mass spectrometry 
(1240). The  important role of functional groups in rear- 
rangement and fragmentation is exemplified by a study of 
phenyl substituted tu$-unsaturated ketones I 969). The re- 
cently delineated (106f) fragmentation pattern of 1.3,s- 
trinitrobenzene further exemplifies the complexity of E1 
mass spectra; the highly dendritic form of the pattern is 
remarkable. bearing in mind the comparative simplicity 
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of the molecule. An underlying complication in many 
mass spectra is partial or complete isotopic randomization 
(vide infra) which seems to result from isomerization pro- 
cesses competing with fragmentation. 

The first step toward establishing secure mechanisms is 
the determination of the structure of reactants and prod- 
ucts. Many radical-cations (904) formed by ionization 
isomerize prior to fragmentation, for example a,@ and @,r 
unsaturated esters (943) or unsaturated ketones (429), so 
that the structure of the primary reactants need not be 
obvious. The question of whether or not cyclopropanes un- 
dergo ring-opening following ionization illustrates some 
general points concerning ion structures. The mass spec- 
tra of a number of simple isomeric cyclopropanes are 
identical (315, 428). C3&,.+ species generated from a 
number of propenes and cyclopropane appear to have the 
same propene-type structure when they decompose as me- 
tastables. Ion cyclotron resonance studies suggest that  cy- 
clopropane retains a cyclic structure following E1 (604) 
and that this is the most stable structure of formula 
C3H6'+ (599). Heats of formation calculated from equi- 
librium measurements in a high-pressure ion source sup- 
port a cyclic structure (31 7 ) .  The apparent contradictions 
among the various measurements seem, however, to have 
been resolved by evidence from photoionization studies 
indicating that ring-opening is energy dependent (1377). 
The ring opens a t  higher energies and presumably prior to 
unimolecular decomposition reactions, but remains intact 
at lower energies (965, 2377). Another much discussed 
issue is whether keto or enol is the preferred ion structure 
(461). Deuterium labeling establishes that the 
C&,C(OH)CHz. + ions formed by McLafferty rearrange- 
ment in the ketones and reacting to lose methyl have the 
enolic structure (146, 1489). Similarly ICR establishes 
that  the C & j O . +  species from both phenetole (166) and 
phenylacetate (1491) have the same phenolic structure. 
Thioamides (938) and hydroxycoumarin ( 1  153) undergo 
enethiolization and enolization, respectively, prior to frag- 
mentation. However, ICR establishes that  the enolic ion 
formed by the McLafferty rearrangement in 2-propylcy- 
clopentanone reketonizes to a cyclopentanone-type struc- 
ture in times of the order of milliseconds (612). Thus, 
there is the possibility that  the keto/enol relationship is 
energy-dependent with perhaps the enol being the high- 
energy reactive structure and the keto the low-energy sta- 
ble structure. The structures of C7H7+ and C7H8+ are 
very far from being settled (255, 331, 679, 740, 896, 1349). 
All the carbons in C7H7f from cycloheptatriene are equiv- 
alent prior to fragmentation (382) indicating a tropylium 
structure. Those ions from p-chloroethylbenzene undergo- 
ing loss of methyl in the metastable region have rear- 
ranged to a tropylium structure (718). Recently. however, 
convincing evidence based on kinetic energy release has 
appeared to the effect that  there are two distinct C7H7+ 
species reacting to lose C2H2 in the metastable region 
(343). Moreover, the benzylphenylacetate ion fragments to 
form two distinct C7H7- species (681). Collision-induced 
metastable measurement (1604) establishes that both 
benzyl C&CH2+ and tolyl C6H4CH3- species have life- 
times of a t  least 10-5 sec. Benzyl ions have been detected 
in radiolysis experiments (1620). C7Hg.+ species from tol- 
uene, cycloheptatriene, and n-butylbenzene reacting to 
lose H in the metastable region have a common structure 
(343). Those C7Hs.+ species, formed from various pre- 
cursors by y-hydrogen rearrangement. which undergo 
metastable decomposition have a common structure (963). 
All carbons in C7Hs.' from toluene become equivalent 
prior to photodissociation (448).  On the other hand, ICR 
results indicate that  stable C7Hs- ions from toluene. cy- 
clophetatriene, and norbornadiene do not interconvert to 
a n  extent more than 1070 (450) and that stable C7Hg' 
ions from toluene retain their structure (Cg&CH3.+) 
(680). A benztropylium ion has been reported (1346-1348). 
If there is one general point to be drawn from the recent 
studies of ion structure. it is that  ion structure depends 
very much on internal energy content and the structure of 
a reactive ion may not be the most stable structure of that  
formula. 

Isotopic randomization is a special instance of iSOMer- 
ization prior to decomposition (413, 694). I t  is especially 
prevalent prior to metastable decomposition (790) and 

curtails the usefulness of isotopic labeling in metastable 
studies (1401). New instances of isotopic randomization 
continue to be widely reported (204, 206, 208, 646, 1416), 
particularly with aromatic molecules (1 14, 202, 383, 660, 
859, 1265, 1309, 1558). There is complete randomization of 
both carbons and hydrogens within C6H6.+ from benzene 
(145) and within C5H5N+ from pyridine (430) prior to 
metastable decomposition. The processes responsible for 
isotopic randomization are, however, little known or un- 
derstood, although in aliphatic alkenes and ketones, hy- 
drogen shifts leading to H/D randomization have recently 
been identified using the field ionization kinetics tech- 
nique (406). H/D randomization in the ethyl carbonium 
ion (64) is due to 1,2-hydrogen shifts with a n  activation 
energy of 2 kcal/mole and a frequency factor of 10'3 sec-l 
(1545). 1,2-Shifts presumably effect H /D randomization 
in the collision complexes C2(H,D)7 (731, 1579). 

Identification and description of cyclic transition states 
is a major concern in mechanistic mass spectrometry. A 
review of intramolecular hydrogen transfer reactions in 
aliphatic hydrocarbons and aromatic compounds has re- 
cently appeared (273). By far the most common size for 
cyclic transition states is the six-membered, although 
five- and seven-membered are also common (427, 690, 713, 
1631) .  Numerous four-membered cyclic transition states 
have been identified (408, 1124, 1494, 1513): the suggestion 
(296) that  four-membered cyclic transition states are rare 
seems to be incorrect. A few three-membered cyclic tran- 
sition states have been reported (812, 1186). Cyclic transi- 
tion states with between eight and fifteen members have 
been reported (427, 1268). The prevalence of six-mem- 
bered cyclic transition states must reflect the fact that  for 
a ring composed mainly of carbon, six is the energetically 
preferred size. On the basis of entropy. however. five is 
preferred over six (409),  and four is preferred over five 
(1124). Macromolecules react uia a macrocyclic transition 
state (1588) described as transhelixes (1307) or coils 
(1059). Molecular coiling can be viewed as an attempt by 
a molecule to solvate itself (1060). The formation of cyclic 
ions involves cyclic transition states but, in these cases, 
attention tends to focus on the cyclic products 1972). So- 
called intramolecular dimers (1103), such as for example 
are formed by interaction of the cu-naphthyl end groups in 
(a-naphthyl)-(CHz),-(a-naphthyl) ions ( n  = 3 to 16) 
(283) are an example of macrocyclic ions. Other intramo- 
lecular interactions are documented under such titles as 
neighboring group participation (1331 ), anchimeric assis- 
tance (1214, 1495), ortho effect (40, 1493), and peri effect 
(304). Ring expansion or contraction has a certain fascina- 
tion. Six-membered cyclic ions expanding to seven-mem- 
bered have been reported (718) and five-membered to six 
(1530, 1558). Conversely, seven-membered cyclic ions con- 
tracting to six-membered have been reported (1270, 1535) 
and six-membered to five (408, 1269). 

We select for special mention two mechanistic prob- 
lems. Mandelbaum and colleagues (830) postulate a con- 
certed mechanism for the retro Diels-Alder reaction of cy- 
clic alkene ions, on the basis that  certain cis diketone sys- 
tems react while their trans isomers do not. Field ioniza- 
tion kinetics results with cyclohexene indicate a concerted 
mechanism in the picosecond time frame (10-12-10-9 sec) 
and possibly a t  longer times as well (408).  Hammerum 
and Djerassi (625) have found, however. that  the retro 
Diels-Alder reaction in simple bicyclic A 2  olefins is not 
influenced by the stereochemistry at the central bond, 
and interpret this as a n  argument for a stepwise mecha- 
nism. The nature of the retro Diels-Alder reaction (9.57) 
may depend upon the time-frame considered and, hence, 
upon the internal energy of the reactant. The loss of water 
from alcohols. in particular cyclic alcohols, poses severe 
mechanistic problems which have received considerable 
attention in the past two years (15, 279, 305. 334. 608. 
696). The loss of water from straight-chain aliphatic alco- 
hols is not a specific 1,4 elimination (409) as was pre- 
viously supposed. Loss of water from cyclohexanol appears 
to involve a combination of specific and random elimina- 
tions (695). It has been suggested (434) that  borneol. iso- 
borneol. and possibly other alcohols as well do not lose 
water, but lose .OH and H. in a stepwise manner. This 
novel suggestion has been rejected by certain other work- 
ers (1275). The suggestion might, however. be the key to 

258R A N A L Y T I C A L  C H E M I S T R Y ,  VOL.  46, NO. 5 ,  A P R I L  1974 



explaining a number of previously inexplicable results 
concerning loss of 18 mass units from cyclic alcohols. 

We have sought to emphasize the advantages and to 
demonstrate the prevalence of sophisticated double focus- 
ing instrumentation with metastable measurement capa- 
bilities and of organic syntheses of isotopically labeled 
compounds. The advantages of high resolution are demon- 
strated by the incorrect interpretation of loss of 122 mass 
units from N,N’-dibenzoyl-phenylhydrazine as concerted 
loss of benzamide and a hydrogen atom (1241); high reso- 
lution measurements establish tha t  the 122 mass units 
correspond to the elements of benzoic acid (126). Many 
good fundamental studies are of course carried out with 
much less sophisticated instrumentation (316,349,996, 1369, 
1370, 1533), particularly we note in the Soviet Union. Ko- 
marov et al. have inade a careful study of the effect of 
temperature on isotope effects in methanes, ethanes, and 
propanes (889, 890) and on the mass spectra of isomeric 
hydrocarbons (891).  Chizhov et al. (312) have quantita- 
tively investigated the transmission effects, across an  
epoxy ring, of substituent influences on fragmentation. 
Isaev et al. (755) have investigated the decomposition of 
phenol-lJ3C under EI. Branton et al. (213) have reported 
a careful study of cyclobutanone. Tajima and Tsuchiya 
(1453) have established tha t  C5H5+ ions from a number of 
precursors are typically acyclic. This same group has 
studied the temperature dependence of decomposition 
reactions of C6Hlz*+ formed directly from 1-hexene and 
from hexanol by loss of water (715). 

There have been numerous reports (20, 345, 353, 507, 
627, 1269) of novel analogies between unimolecular gas- 
phase ionic reactions and reactions of neutrals induced by 
photolysis or pyrolysis both in the gas- and liquid-phase. 
N-Benzoyldiarylamine ions undergo a reaction directly 
analogous to a reverse Chapman rearrangment (574).  Re- 
lationships between stereochemistry of the neutral mole- 
cule and the fragmentation of the molecular ion have been 
extensively explored during the past two years (15, 279, 
305. 3 3 ,  377, 390, 608, 936, 1215, 1617). Unequivocal 
stereochemical assignments can be made by mass spec- 
trometrv using appropriately deuterium labeled com- 
pounds (594, 1016). 

We have omitted an enormous number of papers pre- 
senting E1 mass spectra and some mechanistic discussion. 
For many of these papers, the novel feature is tha t  the 
mass spectra have not previously been reported, and often 
mechanistic discussion is ill-founded. The novel mass 
spectra extend and consolidate the analytical capabilities 
of mass spectrometry. Aldehydes containing cyclopropane 
rings (1251), isonicotinic acid (1163), acetals of phenylacet- 
aldehydes (375),  benzoyloxycyclopentenes (1390), trans- 
cyclopentene-3,5-diol (IS‘89), dihydrofurans ( 8 ) ,  chlorinat- 
ed toluenes (908),  nonenes (Z254), substituted alkynes 
(6.5). 1,2,3,4.5-pentaphenylpentane-1,5-dione ( Z O I ) ,  p-ace- 
tophenone -ketals (379),  cyclic fluorethers (351), diketopi- 
perazines (777), diaminopropane derivatives (956), open 
chain and aromatic CgH120 alcohols (897),  methyl 12- 
dimethylsilyloxyoctadecanoate (724),  nicotine (973), 7- 
azabicyclo[2.2.l]heptanes (378),  and benzodioxasilol (971) 
are a few of the more interesting mass spectra to be pub- 
lished in the past two years. Mass spectra of numerous ni- 
trogen heterocyclics have also been reported and discussed 
in some detail (63, 164, 165, 276, 352, 860, 1027). 

Metastables. Metastables are fragmentation reactions 
occurring within a narrow time-window a t  some time of 
the order of microseconds following ionization (693, 790). 
A number of novel procedures for the observation of met- 
astables have been described. That  known either as DADI 
(104,3) or as MIKES (148) permits the singling-out and 
observation of a whole generation of metastable daughter 
ions characterized by descent from one common precursor 
(1267). DADI or MIKES demands tha t  the magnetic sec- 
tor precede the electric sector, so tha t  their positions are 
reversed from the normal configuration (149, 1551). The 
equivalent of DADI or MIKE spectra can be measured on 
a GEC-AEI MS-30 of normal configuration by scanning 
the beam deflector plates between t6e magnet and  collec 
tor (1076, 1077). The authors (2076. 1077) whimsicallv. or 
perhaps as a facetious comment on excessive use of acro- 
nyms, suggest the acronym MAMIES for their technique. 
It has been pointed out (75) that metastable abundances 

measured by the Major defocusing technique (1143) are 
dependent upon 0-slit width. 

The emphasis of metastable studies in the period re- 
viewed has been on determination of the structures of ions 
decomposing in the metastable time-window. Very often 
an ionized molecule which has delayed for microseconds 
before decomposing has isomerized in the meantime so 
that its structure no longer resembles that of the neutral 
molecule ( I  124). Structures of ions which are themselves 
the products of fragmentation reactions are still less ob- 
vious (1514). A general point emerging from ion structure 
studies is tha t  the structure of a n  ion decomposing in the 
metastable time-frame need not be the thermodynamical- 
ly most stable structure of tha t  ion. Moreover, species de- 
composing in the metastable region may differ in struc- 
ture from species of the same formula decomposing a t  
shorter times. The criterion widely employed in metasta- 
ble ion structure determinations is that  of competing met- 
astable transitions (1360). If ions of the same elemental 
composition, but derived from different precursors, under- 
go the same metastable transitions with the same abun- 
dance ratios, they are considered to have a common struc- 
ture which sometimes can be identified on the basis of 
this knowledge alone (370, 791). The flaw in the method is 
that ions with the same structure but differing internal 
energies can give significantly different metastable ratios 
(602, 1140, 1497, 1632). On the basis of the criterion of 
competing metastable transitions, Williams and col- 
leagues have interpreted metastable abundances mea- 
sured by the Barber-Elliott defocusing technique (79) to 
explore the extent to which ions of formulas CTHll+, 
C7Hio+, CsHi3+, CsHiz+, CsHioO+, CsH120+ (3711, 
C4H90+ (1046), and CgHll+ (1514) from various precur- 
sols isomerize to common structures prior to decomposi- 
tion in the metastable time-window. A considerably more 
reliable method for identifying common ion structures is 
consideration of metastable peak shapes which reflect the 
kinetic energy released during fragmentation (as already 
discussed). Kinetic energy release in metastable fragmen- 
tations is not strongly dependent upon the internal energy 
of the reactant ion (800). Peak shapes afford a way of dis- 
tinguishing concerted metastable decomposition (one-step 
ml+ + m2+ + N) from decomposition in two steps (ml+ - m3+ + N’ and m3.+ 7 m2+ + Nfi, N’ + A’” = N), 
both of which occur within the field-free region (633). The 
mere observation of a metastable transition does not es- 
tablish tha t  the process occurs in a single step (303, 1401). 
Contrary to what has been suggested (73) ,  the metastable 
loss of 28 mass units from an ion derived from carbama- 
zepine 10,ll-epoxide is not proof for loss of the H2CN. 
radical. 

The  often large isotope effects exhibited by metastable 
decompositions can provide insight into the nature of pro- 
cesses occurring in this time-window (134, 135, 1414). 
Deuterium isotope effects on the competing metastables 
of the (M - ketene)+ ion from acetanilide establish the 
aniline rather than the cyclohexadieneine as the most 
probable structure for this ion (1513). Metastable abun- 
dance ratios support this conclusion (626). The (A4 - ke- 
tene)+ ion decomposing a t  shorter times ( sec) also 
has the aniline structure (1494). Isotope effects indicate 
that ionized p-chloro- and p-bromoethylbenzene undergo 
carbon skeletal rearrangement to tropylium structures 
prior to loss of C1. or Br. in the metastable time-window 
(718). There is a strong secondary deuterium isotope ef- 
fect on the metastable loss of methyl from ionized tert- 
butylbenzene (1164); results from I3C-labeling indicate 
that the ( M  - CH3)+ ion formed does not have the phen- 
ylated cyclopropane structure discussed by Rylander and 
Meyerson (1308). 

Collision-Induced Decomposition. Collision-induced 
decompositions could become an  important method of 
characterizing ion structure since they afford a convenient 
means of studying ions which are stable to unimolecular 
decomposition (789). Unimolecular ionic fragmentation is 
induced by collision with inert neutrals. Collision pro- 
cesses of this type have been extensively studied (306, 550, 
997) since being postulated many years ago to account for 
Aston bands (58). By introducing a suitable collision gas 
into the field-free region of a commercial mass spectrome- 
ter, the products of the collision-induced decomposition 
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can be detected as metastables (141, 789, 1131). The same 
metastables at  the same abundances indicate a common 
structure for ions derived from different precursors. The 
argument is sounder than with competing metastable 
transitions since decomposition is much less dependent on 
the internal energy of the reactant ions prior to collision 
(1140). A further advantage of collision-induced decompo- 
sition is that  the number of decomposition channels is 
much enhanced, compared to competing metastable tran- 
sitions, thereby providing more information for structure 
determination (1140). McLafferty and colleagues study 
collision-induced decomposition with a commercial mass 
spectrometer of reversed configuration in which the mag- 
net precedes the electric sector (1551). The magnetic ana- 
lyzer is used to select ions of a particular mass which un- 
dergo collision with an inert gas in the field-free region 
between magnet and electric sector. The products of the 
collision-induced decomposition are kinetic energy ana- 
lyzed with the electric sector (cf. ion kinetic energy spec- 
troscopy). The structures of formulas C7H7+ (1604), 
C7Hs.t (963, 1141), C2H50f, C3H&.+, C,Hs+, and 
C13H9+ (1141), and C3H70+ (1144) have been investi- 
gated in this way. The acronym CA for “collisional activa- 
tion” spectra for referring to collision-induced metastables 
seems unnecessary. 

Ion  Kinetic Energy Spectroscopy. The major modifi- 
cation to a commercial mass spectrometer necessary for 
ion kinetic energy spectroscopy (IKE) is installation of an 
electron multiplier between the electric sector and the 
magnet (138, 144). An IKE spectrum displaying the ionic 
products of all reactions occurring in the first field-free re- 
gion is measured with this detector by sweeping the elec- 
tric sector voltage. The technique was devised by Beynon 
and colleagues (138). IKE spectra are claimed to be de- 
tailed “fingerprints” of organic compounds (143, 147, 
1310-1313). The worth of IKE spectra has, however, been 
questioned. I t  has been suggested that their diagnostic use 
in structure elucidation is strictly limited (1594) and that 
their use in mechanistic studies is tantamount to the use 
of competing metastable abundances (71 7 ) .  Presumably, 
however, IKE are superior to competing metastable abun- 
dances on the basis of sensitivity, since, in the former, 
ions do not have to traverse the magnetic sector. An IKE 
study (55) of collision-induced processes of rare-gas ions 
has provided novel and valuable information as to long- 
lived states of these ions. IKE spectroscopy is not a reli- 
able technique for estimating kinetic energy releases, 
since peaks in the spectra generally overlap. 

Beynon, Cooks, and colleagues have devised several 
other novel methods of producing spectra. A collision gas 
is introduced into the first field-free region of a double fo- 
cusing mass spectrometer. Setting the electric sector a t  
half its normal voltage reveals a spectrum (“E/2 mass 
spectrum”) of doubly-charged ions formed by charge 
stripping reactions m+ + N + m2+ = N + e-  (342). Set- 
ting the electric sector a t  the negative of its normal volt- 
age produces a “-E  mass spectrum” due to reactions m+ + N - m- + LV+ (844). Setting the electric sector a t  
twice its normal voltage produces a “2E (or doubly- 
charged) mass spectrum” due to reactions m2+ + N - 
mf + N+ (53, 54, 57).  The “2E spectrum” provides infor- 
mation as to the chemistry of doubly-charged ions (53, 54, 
57, 175). 

ION CHEMISTRY: BIMOLECULAR AND HIGHER 
MOLECULARITY REACTIONS 

Ion-Molecule Reactions. Studies of ion-molecule reac- 
tions up until 1971 are covered by the volumes edited by 
Franklin (527) and the review by Friedman and Reuben 
(536). The flowing afterglow method which we mention only 
as regards equilibria is reviewed by Ferguson (497) in the 
former. A noticeable feature of the literature on ion-mole- 
cule reactions in the past two years has been the large 
proportion of papers concerning ion cyclotron resonance 
(ICR) spectroscopy (discussed in a separate section 
below). Experiments with custom-built crossed beam in- 
struments (423, 664, 1022, 1536, 1611) and tandem mass 
spectrometers (536, 551, 984, 1403) delve deepest into the 
nature of ion-molecule processes, however these studies 
(1) tend to fall into categories of atomic and molecular 

processes which we do not seek to cover in any detail in 
the present review. Remarkably few studies of polyatomic 
molecules using tandem mass spectrometers have come to 
the reviewers’ attention, although tandem mass spectrom- 
etry offers advantages over even ICR as regards delinea- 
tion of reaction channels (420, 1449). A tandem mass 
spectrometer a t  the Brookhaven National Laboratory has, 
however, been applied to problems of peptide sequencing 
(137) and hormone structure analysis (136). Experiments 
with a tandem mass spectrometer of perpendicular type 
are in progress a t  University of Lund, Sweden (1448). Sin- 
gle-source electron impact mass spectrometers designed 
for use a t  high pressure continue to find extensive and 
valuable application to ion-molecule studies, even without 
pulse techniques. Examples are provided by the studies of 
pentenes (903), ethane (119), alkylbenzenes (870), simple 
aromatic molecules (1540), aliphatic amines (758), vinyl 
fluoride (1246), and methane/carbon dioxide (833). The 
ion-molecule reactions in pentanes have been studied and 
interpreted to characterize pentyl ion structures (991); ne- 
opentyl ions rearrange to tert-pentyl but sec-pentyl do 
not. High pressure in this context means pressures within 
the range 0.1 to 5 Torr. Intermolecular hydrogen transfers 
in diethylmalonate have been studied a t  low pressures 
(1599); the need for higher pressures is obviated by the 
large cross sections of the reaction. Pulse techniques ex- 
tend the usefulness of single-source instruments by afford- 
ing a means of varying residence times. Pulse techniques 
are readily incorporated with time-of-flight instruments 
(1425, 1633). Harrison and colleagues (665) have extended 
residence times to milliseconds by trapping ions in the 
space charge of an electron beam of insufficient energy to 
cause ionization. The ion trapping technique is inspired 
by that of Bourne and Danby (193), which is itself a mod- 
ification of the technique known as sequential mass spec- 
trometry (647). The ion trapping technique has been ap- 
plied to an investigation of kinetic energy effects on prod- 
uct yields from ion-molecule reactions (642) and to studies 
of the ion-molecule reactions of methane and ethane 
(168), CHs’ and C2H5’ with polar compounds (167), sim- 
ple oxygen-containing molecules (166), and CO/CH4 and 
C02/CH4 mixtures (641). An “average dipole orientation” 
theory for treatment of ion-polar molecule collisions has 
been proposed and tested on charge transfer from rare gas 
ions to fluorobenzenes and chloroethylenes (1436). The 
theory successfully describes a number of proton transfer 
reactions [uiz., from H3+ and CHs+ to halogenated ethy- 
lenes (1433), from CH5- to alkyl chlorides (1434), and 
from CdHg+ to alkylamines ( I435)] ,  and successfully pre- 
dicts the dependence of the rates of certain ion-polar reac- 
tions as measured by ICR on kinetic energy (199). A sta- 
tistical phase space model has been used in computations 
of cross-sections for reactions of C- with NP and 0 2  (546). 
A semi-classical qualitative model for collision-complexes 
of Oz+ with neutrals has been described (688). 

Equilibria. An exciting area of mass spectrometry in 
the past two years has been the study of gas-phase ionic 
equilibria and their significance to solution chemistry. 
Gas-phase ionic equilibrium constants can he accurately 
measured and thermodynamic properties (AGO, AH”, ASo)  
calculated. Combining these thermodynamic properties 
with the appropriate properties from solution, it becomes 
possible to make a separation into intrinsic (gas-phase) 
terms and solvation terms. On the basis of gas-phase equi- 
librium measurements, Arnett, Taft, and others (43) have 
been able to make a complete thermodynamic analysis of 
the “anomalous order” of amine basicities in solution 
(XH3 < primary = secondary > tertiary). Gas-phase mea- 
surements (218) have established that toluene is intrinsi- 
cally a stronger acid than either methanol or water, and 
that the intrinsic order of acidities for alcohols is the re- 
verse of that observed in solution. Equilibrium measure- 
ments pertaining to acidities and basicities and to gas- 
phase solvation are discussed separately below. Other 
measurements are discussed in the sections on ion cyclo- 
tron resonance (ICR) and chemical ionization (CI) .  The 
question of dominating importance in all mass spectro- 
metric measurements of equilibria has been whether ther- 
modynamic equilibrium is actually achieved in ion 
sources. Undoubtedly, steady state concentrations are 
achieved, but these concentrations may not be the values 
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that  reflect the equilibrium conditions (398, ,535, 836). 
The linear van't Hoff plots, the pressure-independence of 
equilibrium constants, and the reasonable values of calcu- 
lated thermodynamic properties, inspire confidence that 
such measurements are most certainly meaningful. 

Gas-Phase Basicities and  Acidities. Relative gas- 
phase basicities are determined by measuring equilibrium 
constants for reactions of the type M I H +  + M Z  = MI,+ 
M2H- and from these calculating relative basicities 
(AGO),  Estimating or neglecting entropy changes (AS") 
makes proton affinities (AH"-Br$nsted base strengths) 
available (61) .  Further treatment of the data yields hydro- 
gen affinities (61) .  Relative gas-phase basicities can be 
determined quantitatively using the ICR technique (61, 
197). Accuracies of 50.2 kcal/mole for calculated free en- 
ergy changes have been claimed (659).  The measurements 
are undoubtedly this precise, but the accuracy of the basi- 
cities is open to doubt for the reasons discussed above 
that the steady state concentrations may not reflect ther- 
modynamic equilibria. High pressure mass spectrometers 
(317 992, 1626) and chemical ionization mass spectrome- 
ters (457) have also been used and afford the advantage 
that the temperature dependence of equilibrium constants 
can be investigated. Measuring equilibrium constants a t  a 
series of temperatures allows van t Hoff plots to be drawn 
up. A W  is then obtained directly, and A S 0  can also be 
obtained. If the equilibrium constant can be measured 
only a t  a single temperature, it is necessary to assume 
that AGO = AW ( i e . ,  A S  = 0 )  in interpreting results: 
this assumption is made in ICR studies. 

The analysis (43)  of the "anomalous order" of amine 
basicities in solution has already been mentioned; the gas- 
phase (intrinsic) basicities of amines determined by ICR 
follow the inductive effect order (43) .  Gas-phase basicities 
of amines have attracted considerable attention (61, 228, 
659).  The proton affinities of diamines estimated by 
Yamdagni and Kebarle (1626) with a pulsed high-pressure 
mass spectrometer are unexpectedly high, and formation 
of the protonated diamines is accompanied by a large loss 
of entropy; both facts suggest a cyclic structure with a 
proton bridge for the protonated diamines (1626). Proton 
affinities (BrQnsted base strengths) have been reported for 
simple alkanes and alkenes (317),  simple aromatic hydro- 
carbons (318),  a wide variety of oxygenated compounds 
(759, 992), water and hydrogen sulfide (703), and nitro- 
methane (910).  Taft and collaborators (1450) have estab- 
lished a linear enthalpy/free energy relationship for a se- 
ries of substituted pyridines between gas-phase proton af- 
finities and aqueous solution basicities. Bohme and col- 
leagues (657) have used the flowing afterglow technique to 
measure equilibrium constants for the reactions COzH- + 
CH4 ;e CH5+ + COz and NzOH+ + CO z COH' + NzO. 
With this technique, measurements can be made a t  a se- 
ries of well-defined and accurately measured tempera- 
tures; van't Hoff plots can be drawn up and AW obtained 
directly without making the assumptions necessary with 
ICR measurements a t  a single temperature, tha t  AGO = 
AW. 

Relative gas-phase acidities are derived from equilibri- 
um constants measured for reactions of the type A I -  + 
A2H = A1H + Az- .  Electron affinities, proton affinities, 
and bond strengths can be calculated from the acidities. 
Brauman and Blair have reported acidities estimated 
from ICR measurements for carbon acids (215), alcohols 
(216, 228), and amines (217, 219, 222). The effect of alkyl 
substituents on gas-phase acidities (220) and the acidities 
of monosubstituted phenols ( I  137) have been investigated 
by ICR. Yamdagni and Kebarle (1627) have reported acid- 
ities for carboxylic acids measured with a pulse high- 
pressure mass spectrometer; the temperature dependence 
of equilibrium constants could be measured with this in- 
strument and A S o  was shown to be approximately zero. 
The flowing afterglow technique has been used to invest,i- 
gate acidities of alcohols (183) and selected Bronsted acids 
(184). This technique has also been used to measure equi- 
librium constants for the reaction S H z -  + HZ 2 H- + 
NH3 a t  a series of temperatures (282).  

Gas-Phase Solvation or  Clustering. Gas-phase solva- 
tion or clustering around both positive and negative ions 
has been studied extensively by Kebarle and colleagues 
using high-pressure mass spectrometry (49, 458, 837, 1213, 

1624). Their technique gives residence times in 
the ion source of milliseconds which is sufficient 
to establish equilibria a t  pressures of the order of Torr. 
Clusters of up to 8 water molecules around a proton have 
been observed (838).  The equilibria measured are of the 
form H+(H20)n-1  + H20 + M ~3 HC(H20)n  + M. M is 
an inert third body. Measurements are made at  a series of' 
temperatures and give linear van't Hoff plots from which 
heats and entropies of solvation are obtained. The solva- 
tion of negative halide ions by acetonitrile and by water 
(1625), the solvation of proton by methanol and dimethyl- 
ether (597),  and the solvation of the ammonium ion by 
ammonia and water with emphasis on the stability of 
mixed clusters ( N H ~ ) + ( N H s ) ~  (NzO), (1212) have beer, 
investigated. There is sharp disagreement between results 
of Kebarle and colleagues (362, 838) on the proton hydra- 
tion and results on the same reversible reactions by Field 
and colleagues (103, 116) using the high pressure chemical 
ionization mass spectrometer (see following sections). Ke- 
barle and colleagues (362) suggest that  the ion residence 
times in the Field experiments are too short to establish 
equilibrium. The suggestion is rejected by Field (116, 
942). The solvation of alkoxide ions by alcohols (169) and 
the solvation of halide ions by alkyl halides, nitrometh- 
ane; methanol, and methyl cyanide (1274) have been in- 
vestigated by ICR. These studies yield the order of soivat- 
ing ability of various neutral molecules, but do not give 
thermodynamic functions since measurements are made 
a t  a single temperature. Clustering of water and methanol 
around NO+ have been studied with a PI high-pressure 
mass spectrometer using the krypton resonance radiation 
(10.03 eV) (186, 1122). 

Ion Cyclotron Resonance (ICR) Spectroscopy. From 
the viewpoint of ion chemistry, ion cyclotron resonance 
(ICR) (88, 385, 1609) has been one of the most active 
fields within mass spectrometry during the past two years. 
The central thrust toward elucidating through gas-phase 
measurements the intrinsic chemistry of ionic processes in 
solution has been made in ICR. The contributions of ICR 
to the study of gas-phase acidities and basicities and of 
gas-phase solvation have already been described. The 
scope and variety of problems accessible to modern mass 
spectrometric techniques has been convincingly demon- 
strated by recent ICR measurements. One remarkable ex- 
ample is the report (221) of homogeneous catalysis of an 
ion-molecule reaction; methanol catalyzes the abstraction 
of a proton from toluene by the allyl anion. Gas-phase 
electrophilic aromatic substitution has been measured 
and discussed in relation to solution reactions by Dunbar. 
Olah, and colleagues (452). The same group (453) has 
measured gas-phase nitration (NO2' ) and acetylation 
(CH&O+) of substituted aromatics. Acetylation shows 
the expected electrophilic substituent effects; however. ni- 
tration displays nucleophilic substituent effects. Gas- 
phase acylation of acetone has been measured and dis- 
cussed (1484). Gas-phase reactions of the methyldiazo- 
nium ion CH3Nz+ have been measured by ICR (524); the 
importance of these studies lies in the light they may be 
able to throw on diazonium ions in solution (524). The oc- 
currence of intramolecular hydrogen bonding in proton- 
ated dimethoxyalkanes [CH~O(CH~) ,OCHS,  n 2 51 has 
been established from ICR equilibrium measurements on 
the dimerization reaction (1103). Intramolecular hydrogen 
bonding in protonated diaminoalkane ions has been evalu- 
ated quantitatively from consideration of the enhanced 
gas-phase basicities resulting from the hydrogen bonding 
(60, 62) .  The proton affinity determinations discussed in 
the section on basicities provide estimations of carbonium 
ion stabilities. Beauchamp and coworkers (1147) have 
suggested tha t  equilibrium measurements on halide trans- 
fer reactions can afford more accurate estimations of car- 
bonium ion stabilities than measurements on hydride 
transfers. Strong correlations between gas-phase bimolec- 
ular ion chemistry of alkyl halides and the ion chemistry 
of these species in highly acidic solutions have been re- 
vealed by ICR studies of ion-molecule reactions in alkyl 
halides (90) ;  gas-phase nucleophilic displacement reac- 
tions which result in the formation of dialkylhalonium 
ions have been identified. A study (454) of the ethane sys- 
tem using 13-eV bombarding electrons to initiate reaction 
has been undertaken to explore correlations between gas- 
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phase ion chemistry and ion chemistry in highly acidic 
media. 

The attractive features of ICR for ion-molecule studies 
are the long residence times of milliseconds and the dou- 
ble resonance technique for delineating reaction channels. 
Absolute rate constants can be calculated from power ab-  
sorptions (35, 277, 335, 835, 1125, 1127, 1146). The depen- 
dence of reaction rates upon ion kinetic energy can be deter- 
mined by pulse techniques (1136). We would bring atten- 
tion to the expert comments of Drewery, Goode, and Jen- 
nings (446) to the effect that  theoretical analysis of ICR 
currently outstrips experimental technique. These authors 
emphasize the need for caution in interpreting double res- 
onance experiments and point out difficulties so often 
glossed over by other workers in obtaining either relative 
or absolute rate constants from ICR measurements. Possi- 
ble pitfalls in interpreting double resonance results have 
also been discussed by Beauchamp and coworkers (529) 
and by McAllister (1127, 1128). The ion-molecule reac- 
tions in @-substituted alcohols (853),  ammonia (732, 1030), 
1,l-difluoroethylene ( 1  186), various perfluorocarbons 
(1437), 2-butanol (89) ,  acetone (1017), vinyl chloride and 
fluoride (36) ,  acetaldehyde (1502), perdeuteromethane 
(548), and nitrogen (770) have been studied by ICR. In 
unraveling the complexities of ion-molecule reaction se- 
quences in mixtures of compounds, ICR has a decisive ad- 
vantage over sinele-source hieh uressure mass suectrome- 
ters. The followhg binary mixtures have bee; investi- 
gated by ICR: CH4/H20, CH4/H2S, and CH4/NH3 (734); 
H2ICO and D?/CO (1502): Hz/D2 (329): H R +  and neutrals 

propene/deuteropropene and propene/cyclopropane sys- 
tems have been the objects of detailed study (196); the 
formation of CsH12+ and its subsequent unimolecular 
reactions via 1,2- and 1,4-hydrogen shifts are discussed. A 
phase coherent pulsed ICR method for determining ion- 
molecule frequencies and their dependence on kinetic en- 
ergy has been proposed (967) on the grounds of being easi- 
er and more accurate than more established methods (87, 
730, 1609). Buttrill (278) has investigated temperature-ef- 
fects on rates of ion-molecule collisions. Equations of mo- 
tions which account for the periods of seconds an  ion re- 
sides in a trapped-ion cell (1135) have been derived 
(1361). A new detector for use in ICR spectroscopy has 
been described (735).  

ICR has been used in ion structure determination (599, 
612, 680, 1166, 1491). The aim has been to characterize a 
particular structure by its ion-molecule reactions. In this 
role, ICR is a companion to such methods as collision-in- 
duced metastables, competing metastable abundances, 
metastable peak shapes, and ion kinetic energy spectros- 
copy. Like collision-induced metastables, the ICR method 
can probe the structure of ions stable with respect to uni- 
molecular decomposition. McLafferty and coworkers 
(1123) have studied propyl ion structures and have shown 
that n-C3H7+ ions isomerize to sec-C3H7+ ions. Tomer 
and Djerassi (1490) have established that  C2H4S.- ions 
formed from pentylthiovinyl ether uia hydrogen transfer 
from the 2-position have the thioacetaldehyde structure, 
whereas the C2H4S.+ ions formed cia transfer from the 3- 
and 4-positions have the vinylthiol structure. Neutral iso- 
mers of formula C5H10 have been distinguished on the 
basis of their reactions with ionized 1,3-butadiene (ioniz- 
ing energy 10.9 eV) (603). By exploiting the long residence 
times of ICR, it has been shown tha t  the major reaction of 
ionized 1,5-hexadiyne is loss of hydrogen in times of the 
order of milliseconds (601). 

Dunbar and others (447-451, 906, 907) have used ICR to 
monitor cationic photodissociation processes. Photodisso- 
ciation has recently been reviewed by Durup (456). Ions 
are produced by low energy electron impact and trapped 
in the ICR cell for periods of seconds. Irradiation with 
photons of variable wavelength produced photodissocia- 
tion spectra of ion current as a function of photon energy. 
The technique has been used for ion structure determina- 
tion (448, 450). 

I O N  CHEMISTRY: IONIZATION TECHNIQUES 
Fourteen methods of molecular ionization have been re- 

viewed by Milne and Lacey (309 references) (1081). Com- 

parison of electron ionization (EI),  field ionization (FI), 
field desorption (FD), and chemical ionization (CI) for 
various types of compounds has been included, as well as a 
detailed treatment of FI, FD, and CI applications thus far. 

Chemical Ionization (CI).  The growth rate of chemical 
ionization (CI) since its conception in 1966 (1112) must be 
unprecedented for an  analytical technique. Within the 
space of seven years, it has passed through six of the seven 
ages of an  analytical method proposed in the recent edito- 
rial by Laitinen (925). Papers in which the emphasis rests 
on fragmentation mechanisms following CI (516, 725, 
1062, 1063, 1130) are nowadays far outnumbered by the 
legion of papers dealing with analytical applications of CI 
in biochemistry, biology, and medicine (see later sec- 
tions). CI mass spectrometry in structural analysis has 
been reviewed (515). There have been relatively few pa- 
pers reporting advances in the basic instrumentation of CI 
mass spectrometry (292, 549, 682, 683, 1430). Advances have 
been made as regards novel reagent gases as alternatives to 
the standard methane or isobutane. Reagent gases without 
acidic hydrogens effect charge exchange and the amount of 
fragmentation depends on the recombination energy of the 
reagent gas ions (470). Two component reagent gases have 
been suggested (47, 727). With Art/H30' (727),  Ar+ ef- 
fects charge change and produces a fragmentation pat- 
tern, while H30' transfers a proton to the sample mole- 
cules and identifies the molecular weight. Ammonia (459), 
deuterated water (726),  nitric oxide 1728), and tetrameth- 
ylsilane ( 1  178) each possesses some desirable quality when 
used as a reagent gas. It appears that  reagent gases can be 
chosen to suit the sample, and that the nature of the CI 
mass spectrum can be varied almost a t  will to provide dif- 
ferent kinds of information by proper variation of the re- 
agent gas. An ICR cell has been used for chemical ioniza- 
tion (330); the long residence times mean that  lower pres- 
sures are required to produce CI conditions. 

Field (503, 504) has shown how kinetic measurements 
on unimolecular ionic decompositions can be carried out 
with the CI mass spectrometer. The measurements yield 
kinetic data  analogous to data  from thermal unimolecular 
gas-phase reactions (1241, although the true significance 
of the CI results is not yet wholly clear (1053). Interpreta- 
tion of the measurements rests on the assumption that 
sufficient collisions occur prior to decomposition to estab- 
lish a Boltzmann internal energy distribution. Typical 
calculated residence times are of the order of 10 psec and 
source pressures are estimated to be of the order of Torr 
(505). It has, however, been suggested by other workers 
(297, 1412) that  these calculated residence times are long- 
er than the true residence times. Given a Boltzmann dis- 
tribution, rate constants for decomposition can be calcu- 
lated using conventional rate expressions (503, 504). Plot- 
ting the calculated rate constants us. temperature gives 
linear Arrhenius plots, from which activation energies and 
preexponential factors are obtained. Among the reactions 
studied are the unimolecular decomposition of protonated 
tertiary alkyl acetates and other esters to form the alkyl 
carbonium ions (940, 941); calculated activation energies 
are around 8-9 kcals and preexponential factors are 
around 1010-10-12 sec-I. The calculated rate constants 
are independent of pressure which is consistent with equi- 
librium being established in the source (942).  A number of 
other systems (505) have been investigated including 
amino acids (105.5). 

CI has also been applied by Field to equilibrium studies 
(505). There is convincing evidence that reversible reac- 
tions occur in the CI source (503) ,  but it is less certain 
that the reactions reach equilibrium (441, 1053). Linear 
van't Hoff plots have been obtained for a number of asso- 
ciation reactions and from these plots free energies. 
enthalpies, and entropies have been calculated (116-1 18, 
503, 504). A disturbing or intriguing feature of these re- 
sults, depending on one's point of view, is that  the ca!cu- 
lated values of A S o  for certain of these reactions involving 
association of two molecules have been found to be posi- 
tive (505). The formation of protonated benzylacetate 
dimer from protonated benzylacetate and benzylacetate is 
one such reaction (503, 504). The loss of three translation- 
al degrees of freedom should give a large negative A S " .  
The CI method has also been applied to reversible reac- 
tions of the type (1409). 
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t-C,H,+ + i-CjH12 S t-C,H,,+ + i-C,H,, 
Negative chemical ionization has been explored by 

Dougherty et al. (439, 441). Negative chemical ionization 
can be viewed as an  extension of the technique of adding 
nonreactive gas to enhance negative ionization cross sec- 
tions (442). I t  is suggested (159) that ,  for analytical appli- 
cations, negative chemical ionization complements posi- 
tive chemical ionization. 

Field Ionization (FI). The future of field ionization 
(FI) as an  analytical technique is difficult to forecast. In a 
recent review (27) in Analytical Chemistry, i t  was sug- 
gested that  FI [as distinct from field desorption (FD), 
which is discussed separately below] will become a stan- 
dard technique in many laboratories tha t  previously had 
never used mass spectrometry and will become as univer- 
sally employed as gas chromatography. The fundamental 
problem tha t  FI sensitivities for individual members of 
multicomponent mixtures are dependent on the nature of 
the other components has yet, however, to be faced and 
solved (92, 400). Moreover, analytical applications of FI 
(554, 1343, 1350, 1422, 1496) (covered more fully in later 
sections) in the past two years have not been numerous in 
comparison to some other techniques, for example CI or 
even FD. Analytical capabilities of FI continue, however, 
to be improved by instrumental advances (94, 1568) which 
could result in more extensive analytical application. Ef- 
fective conditioning or activation of emitters to produce 
stable and inert protrusions of up to 40 fim in length can 
be achieved by suitable treatment with benzonitrile a t  
high temperatures (93, 96, 1333). The protrusions are con- 
ducting and presumably composed of carbon (1333), in 
contrast to protrusions grown a t  low temperatures which 
are composed of semiconducting organic polymers (419). 
Yet it is still doubtful whether any conditioning technique 
is sufficiently reliable for routine application (81). A novel 
multitip FI source (4, 5, 27, 246) with about 1000 tips de- 
posited 25 pm apart  by evaporation techniques could rep- 
resent a major advance in source design; the source has 
been applied to analytical problems in a number of di- 
verse fields (27, 1350, 1422). An ingenious electrohydrody- 
namic source, in which the extremely high field strengths 
necessary for FI are produced by interaction between liq- 
uid metal droplets and an  electrostatic field, has been de- 
vised; however, its application is probably limited to liq- 
uid metals and compounds soluble therein (332, 333, 488). 

The more physical aspects of FI attract  considerable in- 
terest. An excellent review has been given by Robertson 
(1277). Field emission and ionization in condensed phases 
has been reviewed by Gorner (575). Muller’s group has re- 
cently measured with the field ion atom probe (1108, 
1443) the kinetic energy spectrum of field ions formed at a 
single atomic site i1109) A number of novel theoretical 
treatments of the FI process have appeared (38, 295, 780). 
Mechanistic discussions of FI mass spectra (as distinct 
from field ionizatior. kinetics) have appeared (1074) in- 
cluding one study using extensive deuterium labeling 
1248). Beckey and Rollgen (100, 1286, 1287) have carried 
out careful studies of the chemical processes occurring a t  
the surface of Fi emitters; their novel pulsed desorption 
technique i1288) seems to hold considerable promise for 
such studies. Dimer formed from two components of a 
mixture ( e . , c ,  aniline-nirrobenzene! have been observed 
in FI mass spectra (97 ) .  Hammett  correlations in FI mass 
spectra have been pointed out and discussed (98, 1228, 
12.29). 

Field Desorption (FD). Enormous interest is currently 
focused on the field desorption technique developed in 
Beckey’s laboratories (93, 1337~.  The technique seeks to 
remove the mos: fundanientai limitation of mass spec- 
trometry by producing mass spectra from thermally un- 
stable nonuoiatiit; compounds. The emitter is dipped in a 
solution oi‘ the sample. thereby depositing nanogram 
quantities of the sample onto the emitter. The emitter is 
then placed in the mass spectrometer where a spectrum is 
produced from the absorbed sampie by simultaneously 
applying a very high field and by heating the emitter 
!160,71. The key to success with the technique lies in con- 
ditioning tne  emitter so as to enhance its surface area 
and, hence. the amount of sample it can absorb. Condi- 
tioning is discussed under field ionization. The mass spec- 

tra produced by field desorption almost invariably display 
molecular ions and little fragmentation. Although almost 
all reported studies of field desorption originate from the 
same laboratory, there seems little doubt tha t  field de- 
sorption is a powerful technique for measuring molecular 
weights. Aside from molecular weight determination, it 
has not been established that field desorption has any ad- 
vantages for structure elucidation, although work with 
macromolecules looks promising. Routine calibration of 
mass scales for accurate mass measurements could be a 
problem with single beam instruments (1044); the prob- 
lem might be alleviated with dual-beam instruments such 
as the GEC-AEI MS-30 (1591). The reviewers feel that  it 
remains to  be seen whether or not field desorption will be 
economically viable for routine analysis, if the information 
provided is limited to molecular weight determination. 
Field desorption has to  date been applied to studies of nu- 
cleosides and nucleotides (1335), purine bases (13331, 
amino acids (1602), peptides (1601), pesticides (1336, 
1344), drug metabolites (1334), substituted sultams 
(1342), disodium salts of aldohexose phosphates (1340), 
antibiotics (1272), stereoisomeric glycosides (954), and 
quaternary ammonium salts (226). A recent innovation 
has been pyrolysis (1058) of samples in situ on the emit- 
ter. The  high field is applied at the same time to give a 
field desorption spectrum of the pyrolysis products. The 
pyrolysis method has been applied to bacteria. deoxyri- 
bonucleic acid, and even tissue and blood cells (13,38, 
1341). 

Negative Ions. A comprehensive review by Dillard 
(433), which has recently appeared, removes much of the 
burden from the present reviewers. We have been selec- 
tive in our coverage and,  in particular, do not attempt to 
exhaustively review inorganic negative ions (571, 1386). 
Efforts continue to develop 70-eV E1 negative ion mass 
spectra as a method of analysis and structure elucidation 
(205, 761, 849, 1635). Negative ion mass spectra can be mea- 
sured on most mass spectrometers by appropriate adjust- 
ment to the polarities of certain potentials (1634). The in- 
tensities in the mass spectra are, however, low. Skeletal 
rearrangements have been reported in the negative ion 
mass spectra of ylides (19, 22). Todd and colleagues (21, 
1486) have discussed a qualitative theory devised to ratio- 
nalize 70-eV E1 negative ion mass spectra. Negative mo- 
lecular ions in these spectra arise from secondary elec- 
trons (1129). The reviewers note that  identical descrip- 
tions of the 70-e\’ E1 mass spectra of deuterated metha- 
nols were submitted and published by the principal au-  
thor in t u o  separate journals (1480, 1481). Doubly-charged 
negative fluorine ions have been observed in the E1 mass 
spectrum of CF3C1 (14).  Decomposition reactions of nega- 
tive ions can be induced by collision with neutrals (203).  

Ionization efficiency curves measured a t  low electron 
energies (0-20 e\’) have been reported for negative ions 
from carbon dioxide (300), nidocarboranes (244). nitriles 
(1505); cyclic hydrocarbons (531), cyclic anhydrides (347) 
and nitromethane (431).  ‘The results are discussed in 
terms of the three general mechanisms of negative ion for- 
mation-resonance capture, dissociative resonance cap- 
ture, and ion-pair formation mechanisms. Accurate ap-  
pearance potentials have been measured by the retarding 
potential difference method for ions formed from perfluo- 
rocyclobutane by dissociative resonance capture (974). 
Thynne and colleagues (634, 637-639, 1018, 1483) have re- 
solved structure in ionization efficiency curves by decon- 
volution procedures. Electron capture processes in BF3 
and BCI3 have been studied by both electron swarm and 
pulsed retarding potential difference electron beam tech- 
niques (1426). Translational energies of ions (635) formed 
by resonance electron-capture processes in CO, COz, NO, 
and SO2 (636) and in CF4 and SiF4 (1566) have been mea- 
sured by Franklin and coworkers as a function of excess 
energy. Time-of-flight mass spectrometers have been 
widely used to measure autodetachment lifetimes (347, 
431, 531. 848, 1479, 1483). The effects of temperature on 
ionization efficiency curves for ions from SFe (977) and on 
electron capture by polyatomic molecules a i  lcw energies 
(<0.2 eV) (1410) have been investigated. The potentials of 
tetracyanoethylene (229) and tungsten hexafluoride (1482) 
as scavengers have been assessed. The photodetachment 
of electrons from tetracyanoethylene ions has been re- 
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ported (1010). Some studies of negative ion-molecule reac- 
tions have been reported (432, 1031, 1368) (qther studies 
were covered in the sections of acidities, solvation, and 
chemical ionization). 

Photoionization (PI).  The amount of energy available 
for photoionization is known precisely. The energy deposi- 
tion function for the molecular ion is reflected by the pho- 
toelectron spectrum; an  indication of recent progress in 
photoelectron spectroscopy is provided by the reports of 
the Sussex (493) and Asilomar (1372) meetings. For these 
reasons, photoionization is suited to detailed studies of 
atomic and molecular processes such as the studies by 
Berkowitz, Chupka, and colleagues on NO (851), N2O 
(852), HOF (128), and F20 (129). The photoelectron spec- 
trum of a molecule is only a crude approximation to the 
internal energy distribution function of the molecular ion 
following E1 (746); the  energy deposition functions for E1 
and PI  have been shown to differ in the cases of toluene 
(1415) and decene (794). Meisels e t  al. (1051, 1052) have 
shown, however, tha t  more reasonable approximations to 
the internal energy distribution function following E1 can 
be obtained from considering photoionization cross-sec- 
tions together with photoelectron spectra. Photoion/photo- 
electron coincidence studies which correlate the nature of 
the fragmentation of the molecular ion with internal energy 
constitute one of the most promising areas of mass spec- 
trometry (1384). Eland and Danby (374, 473) have described 
two types of experiment. In one type, the excitation energies 
a t  which a particular ion mass is formed are measured; in 
the other, the ion masses formed a t  a particular excitation 
energy are measured. Brehm e t  al. have discussed coinci- 
dence measurements on SO2 (224) and CS2 (225). Stock- 
bauer and Ingram (1423, 2424) have reported and dis- 
cussed coincidence measurements on CD4, CH4, C2Ds, 
and CzHs; the results accord with QET. 

Rosenstock e t  al. (1291) have considered the signifi- 
cance to QET of PI data  on the fragmentation of benzene; 
they conclude that some decomposition occurs from iso- 
lated excited electronic states. PI studies of the fragmen- 
tation of benzyl chloride (16) and of hetero aromatic alco- 
hols and aromatic amines (1242) have been described. A 
considerable number of fine PI measurements with the 
National Bureau of Standards high-pressure mass spec- 
krometer on ion-molecule reactions have been reported by 
Sieck, Ausloos, and colleagues (1376, 1377, 1381, 1382). 
Ion-molecule reactions of acetone (1374), isopropanol 
(578), methylcyclopropane and cyclobutane (965), l-bu- 
tene. 2-butene, and 2-methylpropene (1375, 1380), and ni- 
trous oxide (1378) have been studied with one objective 
being to determine the structures of the reactant ions. A 
comparison has been made of photoionization and Pen- 
ning ionization of simple hydrocarbons (1379). PI  studies 
of ion-molecule reactions have been reported from other 
laboratories (758, 903, 1122, 1356). 

ANALYTICAL APPLICATIONS I N  BIOMEDICINE 

Uses of Stable  Isotopes in  Biomedical Research. 
There has been a considerable revival of interest in the 
use of stable isotopes such as 13C, 2H, l5N, and ‘ 8 0  in the 
life sciences and medicine. This is largely because of their 
increased availability in the form of simple organic mole- 
cules and because of the development of Fourier trans- 
form NMR and mass spectrometric techniques for 
their detection in tracer experiments. The relative non- 
toxicity of these isotopes compared to radioactive ones is 
of great advantage in experiments carried out with human 
beings. Matwiyoff and Ott  (1041) have recently reviewed 
the uses of stable isotopes, notably 13C in these fields. de- 
scribing large scale production methods, improved analyt- 
ical instrument techniques, and examples of uses. A short 
review by Knapp and Gaffney (871) discusses the advan- 
tages of using stable isotopes over their radioactive coun- 
terparts in clinical pharmacology. 

Some recent reports give an  idea of the relative innocu- 
ous nature of stable isotopes. Two weanling mice devel- 
oped apparently normally on a 13C-labeled diet until their 
body carbon content increased to ca. 60% 13C (1193). In 
another study, dealing with cholesterol metabolism in 

rats, the animals were fed water containing 10% D20 for a 
considerable pt?riod with only minimal- toxic effects 
(1220). In humans, deuterated amino acids have been ad- 
ministered in studies of metabolic disorders such as phen- 
ylketonuria and “sweaty feet syndrome” with mass spec- 
trometric determination of products (365-367). Stable iso- 
tope-labeling has also been used to study gluconeogenesis 
and glucose utilization in children 1155). 15N-lysine has 
been administered to people suffering from chronic en- 
terocolitis and nitrogen isotopes in excreted products ana- 
lyzed by M S  methods (107). Tyrosine metabolism in rat  
brain in the presence of an  I80 atmosphere has been fol- 
lowed using fragmentographic determination of hydroxyi- 
ated products (1353). Rats with a bile fistula have been 
fed D-labeled ethanol and the incorporation of the label 
into cholesterol and bile acids followed by mass spectrom- 
etry (359, 360). A further study has used both 13C- and 
D-labeled ethanol with I3C NMR examination of products 
and 2H, IH decoupliflg (1597). 13C NMR and mass spec- 
trometry may play complementary roles in studies of this 
type. The former technique still lacks the sensitivity of 
the latter and is not good for quantitative determination 
of label incorporation but can accurately determine sites 
of incorporation for 13C. Mass spectrometry, however. can 
give accurate quantitation of isotope incorporation on 
small amounts of material but may be less specific in de- 
fining sites of incorporation, especially for deuterium. 

Among MS techniques recently proposed for use in this 
area are ones for analysis of the isotope ratio of expired 
6 0 2  following I3C-labeled compound intake (1134) and for 
GC-MS recognition of metabolites produced from mixed 
‘H, 2H-labeled compounds (872). 

For preparation of labeled biological compounds, conve- 
nient methods are described in the Journal of Labelled 
Compounds (Presses Acadkmiques Europkennes. Brussels, 
Belgium). 

Many other examples of the uses of stable isotopes in 
fragmentographic quantitation, in elucidating fragmenta- 
tion mechanisms, and in tracer experiments, may be 
found in iater sections of this review. 

Screening of Body Fluids a n d  Tissues for Metabolic 
and  Other  Disorders. Inherited disorders of metabolism 
may often manifest themselves by accumuiation of partic- 
uiar metabolites in body tissues or physiological fluids. 
Existing clinicai tests can detect known disorders by iden- 
tifying individual compounds; enzyme assays, more time 
consuming, can detect specific defects given some prior 
knowledge of which metaboiic pathway is affected. Pi- 
oneering work by the group of ,Jellurn and Eldjarn has 
however shown the applicability of GC-MS in determin- 
ing a whole suite of compounds with great specificity in a 
single anaiysis of a body fluid. Applied to  urine, this pro- 
cedure can detect many of the existing metabolic errors 
and has been responsible for uncovering several previously 
unknown ones. Groups in several countries now use such 
screening procedures, see e . g .  (576, 617, 704. 738, 782, 930, 
944, 1090, 1 5 2 ,  1595, 1608). The use of computers in the 
acquisition and analysis of data  is particularly valuable in 
such work (704, 7.38, 783). Analysis by GC-MS of amniot- 
ic fluid (617) or by pyrolysis GC of fetal cells (1263) may 
be used to detect inherited biochemical abnormalities be- 
fore birth. 

Much work has still to be done to establish the best 
methods for determination of suites of compounds and to 
identify normal components of urine. Several groups have 
used a variety of gas-phase methods to determine a-keto 
acids, important in some acidemias. These compounds 
have been recently analyzed as free acids (577) and sily- 
lated oximes (930, 1419). The structures of silylated qui- 
noxalinol derivatives have been further explored (539). For 
other aliphatic and aromatic acids, methyl or trimethylsil- 
yl esters are most commonly used. For GC-MS analysis 
of amino acids in urine, alternative procedures to those 
already described (782) have been proposed ( I  70, J595). A 
procedure usable for urinary sugar alcohols is described 
(616, 1090). Urinary anthranilic acid and kynurenine may 
be estimated by GC methods (675, 1161). Variations in 
the urinary acid profiles of normal young adults on a con- 
trolled diet have been studied (1608) and the effects of 
ethanol ingestion noted (958, 1607). Levels of glutarate 
have been estimated by GC-MS (950). Branched short 
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chain diacids (1225) and aldonic and deoxyaldonic acids 
(944) are present in urine. 

Exploration of metabolic abnormalities in patients with 
known metabolic disorders continues, covering 0-hydroxy- 
n-valeric acid in a patient with propionic and methyl- 
malonic acidemia (1428), branched chain and odd carbon 
number fatty acids in glycerolipids in a case of methyl- 
malonic aciduria (858), monounsaturated dicarboxylic 
acids in a child with metabolic acidosis (191), 2-hydroxy- 
butyric acid in patients having lactic acidosis (1224), 
adipic and suberic acids in ketotic patients (1223), tiglyl- 
glycine in a child with P-methylcrotonylglycinuria (576), 
methylcitrate in patients with propionic acidemia (33) 
and branched chain @-keto acids from patients with 
maple syrup urine disease (577). 

These screening procedures may ultimately find use in 
diagnosis of disease states other than metabolic disorders. 
Several papers have described abnormal excretion of com- 
pounds in certain patients but an understanding of bio- 
chemical manifestations of disease is a t  a very primitive 
stage. For example, in a GC-MS analysis of urinary vola- 
tile metabolites from patients with diabetes mellitus, it 
has been found tha t  certain compounds including pyra- 
zines and lower alcohols, are consistently elevated (1645). 
Cerebrospinal fluid of other diabetics contains 1,5-anhy- 
droglucitol (1232). GC-MS methods for analysis of vola- 
tiles of breath and urine have been described by another 
group (1039, 1470) but only analyses of “normals” are re- 
ported. Origins of other compounds detected in urine of 
sick people such as 3-methylxanthine (1524) and P-p-hy- 
droxyphenylhydracrylic acid (1553) remain uncertain. I t  
has been suggested that monitoring of the urinary levels of 
polyamines such as spermidine, spermine, and putrescine 
may be useful for the prognosis of cancer and a GC-MS 
method is proposed for quantitation of these (397).  

Neurobiology. The sensitivity and specificity of mass 
spectral methods, notably GC-MS, appears to have great 
appeal for workers in neurochemistry, interested in the 
determination of biogenic amines and metabolites a t  the 
sub-nanogram level (see 350). Several recent papers have 
been devoted to examinations of derivatization methods 
for amines and to studying their fragmentations. The 
spectra of underivatized DOPA and analogs (1516) and 
the CI spectra of a variety of biogenic amines (1080) are 
discussed. Recent reports on mass spectral or electron 
capture assays have described use of a variety of deriva- 
tives including perfluoroacyl (44, 290, 386, 899), perfluo- 
roaryl (1088), acetyl (354), isothiocyanates (1159), TMS 
(1156) and reaction products with fluorescarnine (1155). 
Various derivatives for GC-MS of catecholamines have 
been explored (1239). Fragmentographic assays have been 
developed for several primary amines (829),  norepineph- 
rine and dopamine (899),  four indole alkylamines (290), 
N,N-dimethyltryptamine (1560, 1618), choline and acetyl- 
choline (786),  and tetrahydropapaveroline (25) .  

Melatonin has been identified in chicken blood by 
GC-MS (1216) and levels in rat pineal glands measured 
(.?86). Four indolealkylamines including melatonin, have 
also been measured in rat pineals (290). The action of in- 
doleamine-N-methyltransferase has been investigated by 
MS methods (1157, 1559). Concentrations of N,N-di- 
methyltryptamine in “normal” and psychiatric patients 
have been examined (1618). Bufotenin is present in the 
urine of some patients with schizophrenia or infantile au- 
tism (1156). Following an  earlier report, a search has been 
made by GC-MS for the presence of trans-3-methyl-2- 
hexenoic acid in the sweat of schizophrenics (580).  The 
compound was detected but is also present in “normal” 
sweat. 

Methods described above for urine acid screening detect 
a variety of aromatic acids, many of which are metabo- 
lites of amines. Levels of such compounds in body tissues 
and fluids have attracted interest in relation to neuro- 
chemistry. Fragmentographic assays for 4-hydroxy-3- 
methoxyphenylacetic acid (133, 369, 1392, 1393), indole- 
3-acetic acid (132),  5-hydroxyindole-3-acetic acid (131) 
and 4-hydroxy-3-methoxyphenylglycol (209) are reported. 
Perfluoroacyl derivatives are preferred. Metabolites of 
DOPA and other amines have been further studied (1106, 
1552, 1573). A GC-MS method failed to detect benzoyl 
sarcosine in normal urine (933). A study of urinary acids 

in a patient with periodic catatonia showed interesting 
fluctuations in the levels of tartrate, malate, rn-quinol, 
and 3,4-dihydroxybutyrate (951 1. 

Pharmacology. GC-MS methods appear to have be- 
come those of choice in detection, measurement, and met- 
abolic studies of drugs. A recent review by Jenden and 
Cho (785) (191 references) covers applications of the tech- 
nique in pharmacology and toxicology. A shorter review 
by Prox (1250) gives some examples of the uses of mass 
spectrometry in drug metabolism studies. GC-MS detec- 
tion and quantitation of addictives and hallucinogens is 
described (700) while fragmentography is briefly described 
in the review by Watson of newer analytical techniques in 
pharmacology (1574). The utility of GC-MS computer 
systems is described in papers by Horning e t  al., (709) (for 
measurement of drugs and their metabolites in body 
fluids) and by Finkle e t  al. (509) (for rapid identification 
of drugs of abuse). CI methods are also finding applica- 
tions in drug studies (709, 1250, 1315). Fragmentography 
with the use of a CI source may find increasing applica- 
tions in the measurement of low concentrations of drugs 
with the possibility of using the highly specific and abun- 
dant quasi-molecular ions (709, 1580). A rapid and simple 
method for the extraction of neutral and basic drugs from 
plasma is described, which uses isopropanol extraction 
from diluted plasma saturated with potassium carbonate 
(707). Ting e t  al. (1485) have proposed a relation between 
the fragmentation patterns of drugs and their pharmaco- 
logical actions. 

Fragmentographic methods have been employed to 
monitor therapeutic levels of drugs in plasma, e .g . ,  im- 
ipramine (537), carbamazepine (1199), and indoramin 
( 4 3 ) .  GC with electron capture detection may compete 
with fragmentography in quantitating drugs (if halogenat- 
ed derivatives are used) but GC-MS is still useful in con- 
firming the nature of derivatized products (109, 435). Ex- 
amples of studies of the metabolism of clinically used 
drugs in man and animals by GC-MS methods are as fol- 
lows: nortriptyline (872), propranolol (1562), doriden 
(1421), methsuximide (708, 1111), dilantin (298), cam- 
bendazole (1518), hydralazine (1643), lidocaine (1431), 
methaqualone (189),  digoxin (1575), codeine (463), glycer- 
ylguaiacolate (1520,  phentermine (314), alclofenac (1289), 
and hexamethylmelamine (795). 

Toxic metabolites that  may be produced by ingestion of 
propenylbenzene derivatives present in flavors and spices 
have been examined using GC combined with a CI mass 
spectrometer (2192). Plasticisers such as phthalates are 
now frequently found in blood. A study has been made of 
the metabolism of diethylhexylphthalate by rats (18) .  E1 
spectra of many compounds of this type do not exhibit 
molecular ions and CI methods are useful in obtaining 
quasi-molecular ions (18, 490). Pyrazoles are potent inhib- 
itors of certain enzymes and it has been shown that these 
compounds are amenable to GC-MS analysis (1304). 

For GC-MS of barbiturates, the 1,3-dimethyl deriva- 
tives have been most widely employed. For the derivatiza- 
tion of these compounds, trimethylanilinium hydroxide 
appears to be the reagent of choice (444, 1395) [though see 
(2476)]. GC retention times and principal fragment ions 
for nineteen barbiturates (as 1,3-dimethyl derivatives) are 
recorded (1395). Metabolites of amylobarbitone (444) and 
allobarbital (1078) are described and may be quantified 
by fragmentography. The fragmentations of some N-sub- 
stituted barbitals and their T M S  derivatives have been 
described recently, and it is claimed tha t  the latter deriv- 
atives can be used to distinguish isomeric barbiturates 
(2576). The identification of barbiturates in mixtures 
using a direct probe is described (1282). FI spectra of un- 
derivatized barbiturates can give some information on the 
nature of substituents in addition to the molecular 
weights (282). 

Street drugs continue to be studied with forensic and 
metabolic interest. Mass spectral techniques have been 
used for the identification of heroin in suspected material 
(I152), for the detection of 2,5-dimethoxy-4-methylam- 
phetamine (538), amphetamine (313, 815), p-hydroxyam- 
phetamine (108), amphetamines and hallucinogens (211), 
and lysergic acid diethylamide (1572). Some of the above 
articles describe quantitation by mass fragmentography. 
Perfluoroacyl derivatives appear to be the most popular 
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for analysis of the amphetamines. GC-MS has also been 
used to identify metabolic products of methamphetamine 
( 2 8 1 ) ,  amphetamine (91), and methadone (83, 1439). The 
chemistry of cannabis is being exhaustively explored and 
reported, ranging from the contents of the plant and ex- 
tracts thereof (425, 426, 496, 501, 1510, 1511, 1549, 1550) 
to the metabolism of cannabinoids (275, 1561). The CI 
spectra of cannabinoids have been discussed (1394). 

Glucuronide conjugates are important in the metabo- 
lism of drugs of many kinds and several mass spectral 
techniques may be feasible for their analysis: GC-MS 
(156, 566), direct probe (1211, 1475, 1477), and CI (299). 
In these studies, the glucuronic acid moiety has been deriv- 
atized in various ways, including methyl esterification- 
acetylation, methyl esterification-trimethylsilylation and 
permethylation. Pyrines and xanthines have also been 
studied by GC-MS (814, 818, 1091). These compounds are 
sometimes used in the doping of racehorses and mass 
fragmentographic techniques may be used for their esti- 
mation. Two new metabolites of caffeine are reported 
(1255). 

I4C-labeled drugs with high specific activity are occa- 
sionally employed and MS may be used to determine 
their activities (1520). The method is illustrated for cam- 
bendazole. The stereochemistry of alkyl-substituted 6,7- 
benzomorphans can be assigned by examination of the 
mass spectra (1534). 

Steroids. This section is reserved for studies of sterols 
and bile acids in mammals using mass spectral methods. 
More general aspects of the mass spectrometry of steroids 
are covered in the section on natural products. 

A testosterone metabolite, 5a-androstane-3@,17P-diol 
has been identified in human urine (130). Twelve estro- 
gens in urine of pregnancy have been quantitatively deter- 
mined using mass fragmentography (11). Major C19 and 
C2l steroids have been determined in urine and feces from 
two women with intrahepatic cholestasis in late pregnan- 
cy, before and after administration of phthalylsulfathiazol 
(483). The metabolism of androstenedione in human fetal 
liver has been investigated (988). Another study on the 
fetus has examined the biosynthesis of epitestosterone and 
the metabolism of testosterone (1234). Estrogens in 
human placental tissue a t .  term have been identified and 
quantitated (771) and the metabolism of androstenedione 
and testosterone in placental preparations examined 
(214). The changing pattern of steroid excretion during in- 
fancy has been further explored (421, 611, 1357). A 
1,3,16-trihydroxypregnan-20-one has been found to be pre- 
dominant in the urine of a newborn anencephalic infant 
(480), and two pregnanetetrols have been isolated from 
the urine of a girl having congenital adrenal hyperplasia 
(619). Plasma neutral steroid sulfates and urinary neutral 
steroid sulfates and glucuronides have also been deter- 
mined in children with this type of disorder (1537). 
GC-MS techniques have been applied in a study of the 
metabolism of steroid contraceptives (1420). 
16a-Hydroxy-2-methoxyestrone has been identified in 

rat bile using fragmentations of the diacetate derivative 
(1571). GC-MS methods have made possible the identifi- 
cation of monohydroxy bile acids in plasma of pregnant 
women with intrahepatic cholestasis (70), of 3P-hydroxy- 
5-cholenoic acid in meconium (69), and of the latter acid, 
lithocholic acid and ursodeoxycholic acid in the urine of 
patients with liver disorders (68). MS methods have as- 
sisted in studies of D incorporation into bile acids and 
cholesterol in rats with a bile fistula given D-labeled etha- 
nol (359, 360). The metabolism of 5a-cholestane-3@, 26- 
diol and 5a-cholestane-3@,7a, 26-triol in rats with a bile 
fistula has also been examined (1168). GC-MS of trifluo- 
roacetylated methyl ester derivatives has been used in the 
identification of lithocholic acid and other bile acids in 
the serum of healthy persons (1217). Human serum con- 
tains cholesterol-a-oxide and other minor sterols (589). A 
mass spectral method for identification and quantitation of 
dietary and fecal neutral sterols has been described (678) 
and applied in a study of the dynamic aspects of choles- 
terol metabolism in rats using D2O administration (1219). 
A study of the biosynthesis, of lipophile steroid sulfoconju- 
gates from steroid sulfates in guinea pig liver preparations 
is reported (919). 

Structural elucidations of various metabolites of vita- 
min Ds have used MS methods (569, 648, 685, 686). 

Prostaglandins. There has been extensive work on the 
use of GC-MS for identification and quantitation of pros- 
taglandins and their metabolites. Quantitation by the use 
of deuterated analogs as carriers and internal standards is 
widely used (66, 593, 620, 687, 841). For certain com- 
pounds, notably methyl ester-TMS ether derivatives, use 
of isotopic carriers may not be necessary due to the ther- 
mal stability and low polarity of these (1446, 1447). w -  
Homo or w-nor analogs of compounds being measured may 
also be used as internal standards for fra mentographic 
assays (1070). A variety of derivatives for G&--MS of pros- 
taglandins has been used depending on the functional 
groups present. These derivatives include T M S  (585, 586, 
841, 1446, 1447), acetyl (593, 687), butylboronate (841), 
and heptafluorobutyryl ( I  068) for hydroxyl groups. and 
methoximes for ketone groups (584, 585, 593, 620). In the 
above reports, methyl esters have been most frequently 
used for derivatization of carboxylic acid groups. Frag- 
mentations of some derivatives of prostaglandins of the A 
series (1069), B series (1067), E series (1066) and F series 
(1064) have been studied using high resolution and D-la- 
beling. 

The metabolism of prostaglandins of the F series in men 
and women (584-586, 620) and that of prostaglandins of 
the E type in the guinea pig (621) has been investigated 
using MS methods. A study has been made of the biosyn- 
thesis of prostaglandin D1 (523); spectra of the compound 
and of reduced and dehydrated analogs are reported. 

Miscellaneous. Muysers and Smidt (1121) have re- 
viewed mass spectral methods for the analysis of respired 
gases with reference to lung physiology. Porphyrins and 
hemes are important metabolically and methods for their 
analysis proposed (1023, 1429). Reports have also ap- 
peared on elucidations of glycosphingolipids 1486, 8L ?. 
1373, 1417), peptide hormones (227, 262, 26,?, 986) and of 
sugars in urine (1008, 1009). A metabolite of biotin is de- 
scribed (157). High resolution mass fragmentography 
using a direct insertion probe has been used to measure 
concentrations of various purines in tissues in studies re- 
lated to gout (1207, 1407). 

ANALYTICAL APPLICATIONS T O  NATURAL 
PRODUCTS 

Alkaloids, Porphyrins. GC-MS methods have been 
used to obtain the spectra of T M S  derivatives of some di- 
substituted pyridines and quinolines (1519). Other alka- 
loids that have been identified using this technique in 
clude anagyrine (839), analogs of mescaline (819), and 
Amaryllidaceae types (1079). 

The fragmentations of some nicotine N-oxides and te- 
trahydrooxazines have been considered (1332). The 
biosyntheses of pyridine alkaloids in Tripterygium uilfor- 
dii (952) and of nicotine analogs in a Nicotiana sp. (1298) 
have been investigated, MS methods being used to identi- 
fy products. Xew alkaloids recently elucidated having pyr- 
idine or piperidine rings. include 4-desoxyevonine (259), 
pyrindicin from Streptomyces griseofluuus (1  187), a l , - p y -  
indine from a fungus (609), and prosopine and prosopi- 
nine (847). Sulfur-containing nupharidines have been 
identified (927) and anagyrine in teratogenic lupins (839). 

Inoue et al. (748) have studied the fragmentations,of 
nine lysergic acid derivatives using D-labeling. New in- 
dole-containing alkaloids include vincadine from an A m -  
sonia sp. (1646), geissovelline from a Geissospermum sp. 
(1093), raucaffrinoline from a RauLcolfia sp. (59), talpinine 
and talcarpine from a Pleiocarpa sp. (11.54) ,  and indole- 
pyridine types from a Nauclea sp. (1118). N-Oxides of ox- 
indoles have been identified in an Uncaria sp.  11230). A 
structure is proposed for haplophytine, deduced in part 
from M S  data (1630). 

The mass spectra of some tropane and tropidine deriva- 
tives have been discussed (424). Sovel pyrrolidine ring- 
containing alkaloids include harringtonine and derivatives 
from a Cephalotaxus sp. (1245) and hammarbine and re- 
lated compounds (985). In the latter report, GC-MS of 
the derived alditol acetate served to identify hammarbine 
as a P-D-glucopyranoside. Completion of the structure of 
isoline (3553 has relied extensively on MS data.  
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The mass spectra of some quinolizidine alkaloids from a 
Lythrum sp. have been studied in some detail using high 
resolution and D-labeling methods (542). A new ketonic 
quinoline has been isolated from an Orixa sp. (438). 

An investigation of the M - 92 ion in the spectrum of 
8-benzyloxytetrahydroisoquinoline has been made using 
metastable ion analysis and D-labeling (303). New syn- 
theses of some tetrahydroisoquinoline cactus alkaloids are 
presented with some MS data given (241). New alkaloids 
recently described containing isoquinoline systems include 
hernandonine (547), erythrinine (762), and bisbenzyliso- 
quinoline types from a Pycnarrhena sp. (1391). GC-MS of 
the T M S  derivatives has served to identify two novel 
amino acid analogs of mescaline (819). A new pavinane 
group alkaloid is described (346). 

GC-MS methods may be used to identify Amaryllida- 
ceae alkaloids (1079). High resolution and isotope-labeling 
studies have been carried out on Amaryllidaceae alkaloids 
of the crinine series (993, 995). 

Fragmentations of indolinocodeine and derivatives 
thereof have been explored using high resolution and D- 
labeling methods (3 ) .  16-Hydroxythebaine has been isolat- 
ed from opium (230). 

Macrocyclic peptide alkaloids have attracted interest 
recently. some having antitumor properties. A complete 
analysis of the high resolution spectrum of a frangulanine- 
type (discarine A)  has been made (1032). Mass spectral 
methods have been extensively used in the elucidation of 
this type of structure (161, 1498-1500, 1567). A glutari- 
mide peptide has been identified as a constituent of a 
Croton sp. (920). 

Some features of the spectra of lycoctonine alkaloids 
have been discussed (1638). New steroidal alkaloids bear- 
ing pyridine rings have been isolated from a Marsdenia 
sp. (562, 1440). 

The spectra of porphyrins are discussed (1054) as are 
those of the T M S  derivatives of some hydroxyporphyrins 
(302). Reductive degradation with hydriodic acid may be 
used to cleave porphyrins to pyrroles which, suitably deriv- 
atized, can be analyzed by GC-MS (1023, 1429). 

Flavonoids, Coumarins,  Phenols. The CI spectra of 
several flavonoids have been recorded using isobutane, Hz, 
and D2 as reagent gases (325). The spectra show abundant 
quasi-molecular ions and metastables and possess certain 
structurally significant fragment ions. A combination of 
E1 and CI methods has been used by another group (781) 
in characterizing products of oxidation of dihydrogossype- 
tin by a Pseudomonas sp. For characterization of flavo- 
noid glycosides, mass spectrometry of permethylated de- 
rivatives has found favor (1325, 1556). Perdeuteriomethy- 
lation followed by complete hydrolysis and GC-MS analy- 
sis of the derived partially-methylated alditol acetates 
11327) can give much information on the sugar content 
and the interglycosidic linkages. A spectrum of the agly- 
cone moiety (ethylated with diazoethane) gives further in- 
formation as to the position of the sugars in the original 
molecule (1326). Various hydroxy-flavones have been ana- 
lyzed by GC-MS (1171); fragmentation data are not re- 
ported. 

The mass spectra of 2’-hydroxychalcones and the corre- 
sponding 2-phenylchrom-4-ones are essentially identical 
and Van de Sande et al. 1:1522) conclude that an intramo- 
lecular equilibrium exists between a chalcone-type and a 
flavanone-type molecular ion. The spectra of 4-chroma- 
none derivatives (909) and of flavones bearing C-isopren- 
oid groups (1253) are discussed. 

The isoflavonoids of a Dalbergia sp. (436) and methoxy- 
lated flavonoids from Artemisia spp. (1283) have been 
characterized. the structure of phellodendroside from 
Phellodendron japonicum revised (596), and the struc- 
tures of two biflavonoids described (7, 979, 1256) using mass 
spectral information. Glycosides of polymethoxyflavonols 
have been found in an Ipomopsis sp. (1405), chromone 
glucosides in lichens (720), flavone-C-glycosides in a 
Linurn sp. (I554), and isoflavonoid glycosides in a Dalber- 
gia sp. (10). The distribution, isolation and structure elu- 
cidation of some plant procyanidins is described (1478). A 
new neoflavonoid is present in Dalbergia steuensonii (437). 

The diagnostic utility of the spectra of ‘i-methoxycou- 
marins having isoprenoid sidechains at  C g  (1014) and 
those of 3,4-dialkoxyfurocoumarins (1015) have been ex- 

plored. Fragmentations of linear monoxy- and monoacyl- 
oxy-dihydrofurocoumarins (1640) and of 4-phenylcoumar- 
ins (1120) are discussed. An extensive mass spectral inves- 
tigation of the 4-alkyl- and 4-phenylcoumarins of Mam- 
mea americana has been made (358); these compounds 
can be analyzed by GC-MS without derivatization (553). 
New coumarins include a 4-alkyl-type from a Calophyl- 
lum sp. (291), a coumarin epoxide from a Thamnosma sp. 
(922), asperentin from an Aspergillus sp. (607), and an 
isocoumarin metabolite of an  Alternaria sp. (813). 

The fragmentations of xanthone, monohydroxyxan- 
thone, and monomethoxyxanthone have been examined 
using isotope labeling and metastable ion analysis (40). 
Lorostemin is a new xanthone from Lorostemon spp. 
(223). 

Mass spectral data have been extensively used in the elu- 
cidation of two new depsidones from a lichen (357). The 
use of the mass spectra in identifying phloroglucinols in 
plants is discussed (999). The fragmentations of catechol 
esters are described (1445). GC-MS studies of other phe- 
nolic compounds are reported (669, 1094, 1247). The rela- 
tion of the mass spectral fragmentations to the stereo- 
chemical features of secalonic acids (phenolic fungal me- 
tabolites) has been explored (716). Phenolic metabolites of 
an  Aspergillus sp. (78) and of a Scytalidium sp. (508) 
have been described, also pigments of a Suillus fungus 
(465) and of a crinoid (82). Tocopherols and tocotrienols 
may be estimated in vegetable oils by GC-MS analysis of 
the T M S  derivatives (583). The spectra of free tocopherols 
and of their acetates have been reported (1321). 

Isoprenoids. Complex mixtures of terpenoids in oils 
may conveniently be characterized by GC-MS methods. 
Some of the major components (monoterpenes) in spike 
oil have been identified in this manner (912). Fragmenta- 
tions of natural pyrethrins are described (2210). 

GC-MS has allowed identification of nine sesquiterpe- 
noid hydrocarbons (all structures previously known) in a 
liverwort (1040). M S  methods have also been used in the 
structural elucidations of new sesquiterpene alcohols in- 
cluding a-copaene-11-01 and 8-acetoxyelemol (1181), pyg- 
mol from an  Artemisia sp. (754) and a brominated alcohol, 
oppositol, from a red alga (618). Novel sesquiterpenoid lac- 
tones isolated include ones having antileukemic roperties, 

reagent gas was used to obtain the molecular weights of 
the latter compounds. Other new sesquiterpenoid lactones 
are ones from a Lactarius sp. (1021) and viscidulins 
(1359). Liedtke and Djerassi (968) have studied fragmen- 
tations of terpenoid esters of the juvenile hormone type 
using high resolution and D-labeling methods. Fragmentog- 
raphy using a D-labeled analog as internal standard and 
carrier, has been employed to measure concentrations of 
juvenile hormone in Hyalophora moths (153). 

MacMillan et al. make extensive use of GC-MS in 
studies of the plant growth substances. the gibberellins 
(86, 194). A GC-MS method is described for the determi- 
nation of specific activity of I4C-labeled ent-kaurenes and 
kaurenoic acids (195). Sew metabolites of Gibberella fuji- 
kuroi include 3/3,7@-dihydroxykaurenolide (84). GC-MS 
has been used to follow changes in diterpene composition 
during growth of an Isodon sp. (541). Rearranged labdanes 
of a Hynenaea sp. are described (846) as are diterpene 
metabolites of a Cyathus sp. (67). Spectra of some acetals 
related to manool display a novel expulsion of CHaCOzH 
or its equivalent (587). Fragmentations of eleven analogs 
of vitamin A are discussed (1260). Extensive use of MS 
methods has been made in the elucidations of the struc- 
tures of eleven new diterpenes, derivatives of sandaracopi- 
mar-15-en-8P-01: isolated from species of Garuleum and 
Osteospermum (179). Chlorophyll from the purple pho- 
tosynthetic bacterium Rhodospirillum rubrum is an ester 
of all-trans-geranylgeraniol and not phytol, as is the case 
with most chlorophylls (835). It  was found tha t  chlorophyll 
heated on a direct insertion probe produced ions charac- 
teristic of the esterifying alcohol. 

New furanoterpenoids isolated incrude vicinin-3 and vi- 
cinin-4 from an lrcinia sp. and furospongin-3 and furo- 
spongin-4 from Spongia officinalis (323). The furospongins 
are sesterterpenoids. Other new C25 terpenes are cheilari- 
nosin from Cheilanthes farinosa (765) and deoxoscalarin 
(322). 

liatrin (916), eriolangin and eriolanin (914). CI wit i methane 

A N A L Y T I C A L  C H E M I S T R Y ,  VOL. 46. NO. 5, A P R I L  1974 2 6 7 R  



MS methods have recently played minor roles in further 
studies of the biosynthesis of isoprenoids, being used 
mainly to characterize reaction products. Thus, the speci- 
ficities of isopentenyl pyrophosphate isomerase from pig 
liver (902) and tha t  of a pig liver preparation converting 
famesylpyrophosphate into squalene (IlSO),  have been ex- 
amined. A study of the biosynthesis of fusidic acid in rela- 
tion to the mechanism of the oxidative cyclization of 
squalene is reported (464). Total syntheses of triterpe- 
noids based on “biogenetic-type” reactions from squalene 
and farnesol derivatives have been further explored, with 
MS characterization of products (1528, 1529). Halobacter- 
ium cutirubrum contains di- and tetrahydrosqualenes and 
the positions of saturation have now been firmly estab- 
lished (905). New tetra- and pentacyclic triterpenes iso- 
lated include lup-20(29)-ene-3P,llP-diol from a Dodonuea 
sp. (570), inotodiol ( a  corrected structure) (399), polypu- 
nonic acid (393), a dammarane triol (1149), alphitexolide 
from an Alphitonia sp. (210), daturadiol and daturaolone 
from a Datura sp. (884), and maitenin, a quinone, from a 
Maytenus sp. (392). a-  and P-Amyrin were identified in a 
blue-green alga by GC-MS methods (518). A furanoid un- 
decanortriterpene is described (296). 

Interesting new C35 pentacyclic terpenes have been 
identified in Acetobacter xylinum (522). These are hopane 
derivatives substituted by a 5-carbon chain, bearing four 
vicinal hydroxyl groups. 

Mass spectral data are extensively used in the structur- 
al elucidation of carotenoids. A review by Foppen (517) 
includes details of fragmentation of individual com- 
pounds, while a more recent review (964) discusses briefly 
the role of mass spectrometry in this field. Factors af- 
fecting the intensity ratio of the M - 92 and M - 106 
ions in the mass spectra of carotenoids are discussed 
(525). Kew bacterial carotenoids include C50 mono- and 
diglucosides (46) and conjugated carbonyl types (34) .  The 
structure of aleuriaxanthin is described with discussion of 
its spectrum (45).  Carotene epoxides have been identified 
in tomatoes (110). Incorporation of I4C-labeled mevalon- 
ate into chlorobactene has been examined with the prod- 
uct and derivatives thereof, characterized by mass spec- 
trometry ( 1  104). 

MS methods have been used to identify dolichols and 
ubiquinones isolated from cultures of Phytophthora cacto- 
rum containing [2-“T]-mevalonate (1266). 6-Methoxy-2- 
nonaprenylphenol has been identified as an intermediate 
in the biosynthesis of ubiquinone-9 in the rat (1175). 

Steroids. Brooks and Middleditch (239) have recently 
reviewed the mass spectrometry of steroids quite compre- 
hensively (324 references, including some appearing in 
1972). A review by Novotny (in Czech, 245 references) has 
appeared (1172) covering the gas chromatography of ste- 
roids with some mention of derivatization techniques and 
GC-MS methods. CI of T M S  ethers of bile acids using 
nitric oxide with nitrogen, argon or helium as reagent gas, 
gives much enhanced quasi-molecular ions (784); the E1 
spectra give molecular ions of very low or negligible abun- 
dance. CI has also been applied to 17-hydroxysteroids 
(1063) and to steroidal amino alcohols (994). In the latter 
report, specific fragmentations such as loss of water from 
the quasi-molecular ion, are discussed in terms of confor- 
mational equilibria. Applications of computer interpreta- 
tion to the mass spectra of estrogenic steroids are reported 
(1398-1400). Computer procedures for acquisition and 
evaluation of GC-KS data on T M S  and methoxime-TMS 
derivatives of steroids have been discussed (1261, 1262). 
The “twin ion” technique for recognition from their mass 
spectra of metabolites of isotope-labeled compounds is de- 
scribed in a GC-MS study of intermediates in estrogen 
biosynthesis (214). Isotope (14C) dilution is used in a 
method for determination of aldosterone in plasma by 
GC-MS (1383). Twelve estrogens in urine of pregnancy 
may be quantitated by mass fragmentography ( 1 1 ) .  Proce- 
dures for isolation and identification by GC-MS of uri- 
nary estrogens are described (1455). 

Various types of derivatives suitable for analysis of cor- 
ticosteroids have been described. Recent papers survey 
cyclic boronates (240) and methoxime-TMS types (1471, 
1473) while one (72) compares methoxime-TMS, cyclic 
boronates, dimethylsiliconides, and oxetanones. Methox- 
ime-TMS derivatives of the 17a,21-diol-20-one side chain 

appear to be preferred but it has been suggested that the 
di-TMS ether-enol-TMS ether may be an alternative 
(293, 294). The method used to prepare these does not si- 
lylate hindered hydroxyl groups while 3-keto groups do 
not quantitatively form enol-TMS derivatives. Hydroxyl 
groups in steroids may also be converted to chloromethyl- 
dimethylsilyl ethers (238, 301). These have longer GC re- 
tention times compared to T M S  derivatives, may be use- 
ful in distinguishing certain stereoisomeric pairs, and 
chlorine-containing fragment ions in the spectra are easily 
recognized from the isotope patterns. Dimethylsilyl ethers 
of hydroxysteroids are reported (722), and it has been 
shown that the dimethylphosphinic ester of estrone has 
good GC properties (1541). Heptafluorobutyryl esters have 
also been described (387, 388). Retention data and frag- 
mentations for various 24-ethylidene sterols and of their 
acetate and TMS ether derivatives are reported (237); the 
stereochemistry a t  C28 may be deduced from the spectra 
of the acetates. A further compilation of data (for TMS 
ethers of sixteen sterols, six cholestanediols, six cholesten- 
ediols, and one cholestanetriol) is given (236). The frag- 
mentations of a wide range of A5-3P-hydroxy C19 steroids 
as T M S  ethers have been explored using high resolution 
and isotope-labeling data (235). The origins of specific 
ions in the spectra of T M S  derivatives have been investi- 
gated, also using stable isotope labeling (234, 1546-128). 
The fragmentations of alkyl ethers of some 3-hydroxy-ste- 
roids (1160) and of steroidal 3,s- and 4,S-diols and of their 
acetates and ketols (1619) are discussed. A method for de- 
termination of vitamins D in a mixture utilizes the frag- 
mentations of the tetracyanoethylene adducts (1507). 

The specificity of fragmentations of the steroid skeleton 
in relation to structural features such as double bond po- 
sition, stereochemistry of ring junctions and substituents, 
etc. has been described in several papers (479, 623, 862, 
1028, 1056, 1240, 1295, 1323, 1364, 1487). Specific D-label- 
ing is extremely valuable and has been repeatedly used in 
studies of this type. 

Novel steroids isolated include many from marine 
sources. The unusual A9(11’ double bond is represented in 
5a-pregn-9(11)-ene-3@,60-diol-20-one (1366, 1371) and in 
three compounds containing the rare 23-oxo group, 5a- 
cholesta-9(11),20(22)-diene-3~,6a-diol-23-one (1366), 5a- 
cholesta-9(11),24-diene-3~,6q-diol-23-one and 5a-cholest- 
9(11)-ene-3/3,6a-dio1-23-one (2406). These compounds 
were all isolated from starfish toxins. Other new marine 
sterols described are 24-nor-7,22-diene and 24-nor-5,22- 
diene types (482, 880). Goad et al. (572, 1396) have de- 
scribed the sterol composition of several kinds of marine 
life using GC-MS. Sponges have been the source of sterols 
having a novel pattern of side chain alkylation (394); 
these compounds are 26-methyl homologs of 24-methyl 
and 24-methylene cholesterol. 

GC-MS has been used in investigations of the sterol 
composition of Scenedesmus obliquus grown in H2O and 
D20 (104) and of lichens (1610). A novel C28 triene, er- 
gosta-5,8,22-trien-3@-01 has been isolated from the lichen 
Xanthoria parietina (955). Novel cyclopropyl sterols in- 
clude 14oc-methyl-9@,19-cyclo-5a-ergost-24(28)-en-3@-ol 
from Musa sapientum (873) and 40,14oc-dimethyl-24- 
ethyl-9: 19-cyclocholest-25-en-3~-ol from Trichosantes pal-  
mata (883). 40-Methyl sterols have been identified in the 
pitcher plant by GC-MS (1565) and the technique has 
also been applied to studies of the sterol composition of 19 
vegetable oils (763) and of the slash pine (939). Several of 
the above studies have employed GC-MS of the free ster- 
ols. 

MS methods have assisted in the identification of the 
2-cinnamate esters of @-ecdysone, polypodine B, ponaster- 
one C, and dacrysterone in the bark of Dacrydium inter- 
medium (1299, 1300) and of phytoecdysones and iridoids 
from a Vitex sp. (1271). Ikekawa et  al.  (743) have given 
extensive data on the spectra of T M S  ethers of phytoec- 
dysones and use the heptafluorobutyryl derivatives for 
quantitation by electron capture GC. Zooecdysones may 
be quantitatively determined by fragmentography of the 
TMS derivatives (1087); the method was applied to silk- 
worm pupae. 

Sterol glucosides in plants may be converted to the per- 
TMS derivatives and subjected to GC-MS (923). These 
derivatives have somewhat long retention times and lack 
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molecular ions. It is stated by Knights (878) tha t  the per- 
trifluoroacetylated compounds have better GC and MS 
properties (including more abundant molecular ions). The 
spectra of T M S  derivatives of some cardiac aglycones and 
monoglycosides are discussed (492) as are the fragmenta- 
tions of bufadienoiides (toad poisons) (249, 250). Both E1 
and FI methods have found application in the study of 
cartlenolides and their glycosides (247). Fragmentations of 
the peracetylated derivative have assisted in the elucida- 
tion of the structure of 11-0-galactosylnogiragenin (1637). 
Xlucidation of a steroidal CZS lactone of the withanolide 
type bas also used the spectrum of a n  acetylated deriva- 
tive (9 ) .  

Simple Lipids. Zeman and Scharmann have written a 
very comprehensive review of instrumentation, methods, 
and fragmentations of many types of lipids (three parts, 
in German. 361 references) (1642). Pallotta (1198) has re- 
viewed applications of GC-MS in lipid research (53 refer- 
ences). Papers citing newer ionization methods include 
one on the FI of methyl esters of various types of fatty 
acid (1285) and another on the analysis of alkene mixtures 
by capillary GC-CIMS (174). The  latter is a particularly 
good illustration of the use of combined EI/CI methods 
ana describes the determination of unsaturated isomers of 
long chain compounds utilizing CI to obtain the molecular 
weight of an  alkene with E1 of the T M S  derivative of the 
cic-diol to determine double bond position. Hexafluo- 
roacetone ketals have been proposed as alternatives to 
orher types of derivative for the determination of double 
bond position (793). These ketals, however, apparently 
lack abundant molecular ions and the MS data  alone are 
hardly sufficient for determination of geometry. The in- 
teraction of acrylonitrile with unsaturated fatty acids has 
been investigated and ,appears to give rather complex 
mixtures of his-acryioamide derivatives but  MS of the 
products has nevertheless been proposed as a method for 
determining double bond position (172, 173). Identifica- 
tion of monomethyl paraifin chain-branching (close to the 
methyi terminus) in long chain compounds is not always 
simpie even by GC-MS methods. Karlsson e t  al. (826) 
have proposed conversion of such compounds to alcohols 
m(i GC-MS of the methyl ether derivatives. This appar- 
ently allows better GC separation and MS differentiation 
(of isomers. To determine the position of cyclopropane 
rings in ratty acids. methoxylation with BF3-methanol 
and MS of the resulting isomer mixture has been pro- 
posed as an alternative to catalytic hydrogenation or chro- 
mium trioxide oxidation (1082). 

Much mass spectral information has been recently pub- 
lished on fatty acids and various derivatives including ail 
of the methylepoxyoctadecanoates !610), !,4 and 1,5 epox- 

of octadecanoates (2) ,  very long chain compounds 
j .  methylene- and non-methylene-interrupted c i s , c x -  

methyloctadecadienoates (as tetra 0 - T M S  derivatives) 
( I 216) and various unsaturated and oxygenated methyl 
esters (861). The formation of ions containing two silicon 
atoms from macrocyclic transition states in long chain 
iu.w-bis(TMS)ethers is discussed (1,588). 

Dimeric fatty acids formed anaerobically in the reaction 
between linoleic acid and L-13-hydroperoxy-octadec-cis-9- 
trans- 11-dienoic acid, catalyzed by soya bean lipoxyge- 
nase. have been characterized (557). GC-MS has been 
used in the characterization of mono- and di- acids in the 
bark o f  the Douglas fir (1000). The cutin layer of plants is 
a complex polymer of hydroxy fatty acids; GC-MS is a 
convenient technique for identifying the monomer units as 
methyl esLers-TMS ethers following hydrolysis [see e . g .  
t H 9 ,  723)]. Walton and Kollattukudy (1564) describe a 
novel technique for characterizing the constituent mono- 
mers. using lithium aluminum hydride reducticn of the 
polymer and GC-MS of the resulting poiyols as T M S  
ethers. The method has been applied to various cutins in- 
cluding that of Vzcia f a b a  (886, 887) in which a novel al- 
dehyde monomer was identified. Biosynthetic pathways 
for cutin and cutin acids have been proposed (887, 888). 
rJacob's group has carried out extensive chemotaxonomic 
investigations of glandular waxes of different birds using 
GC-MS (767-769. 1238, 1641). Long chain 1,2-diols have 
been identified in the preen glands of some birds using 
GC-MS of the isopropylidene derivatives (13171. An anal- 
ysis of waxes from insect cuticular lipids by mass spec- 

trometry has revealed the presence of secondary alcohols 
with the hydroxyl group near the center of the carbon 
chain (171). More than fifty single- and multi-branched 
acids have been identified in a GC-MS analysis of human 
milk lipids (466). The constituent acids and alcohols of 
sperm whale oil have been identified in a similar manner 
(1411).  Novel fatty acids from Solanum tuberosum have a 
divinyl ether structure (552). 

Acholeplasma laidlawii can incorporate deuterated lau- 
ric acid and produce hybrid 2H-1H fatty acids of longer 
chain length; these species can be recognized by GC-MS 
of the methyl esters (1185). The free fatty alcohols (pri- 
mary and secondary) from E.  coli have been analyzed as 
the acetates by GC-MS (1148). The composition of this 
fraction depends on the aerobic or anaerobic nature of the 
culture. Degradation by soil microorganisms of methyl- 
branched acids has been studied (630). Rat  liver micro- 
somes catalyze the oxidation of w-  and (w-1)-hydroxy fatty 
acids to diacids and (w-1)-oxo acids (identified by GC- 
MS) (1  62). 

GC-MS may be a convenient method for the character- 
ization of long chain aldehydes and ketones using the 0- 
methyl oxime derivatives (1071). MS methods have also 
been used in the identification of multi-methyl-branched 
alkanes in the eggs of the tobacco hornworm (1165), in the 
examination of the hydrocarbon constituents of three 
sDecies of Xorwegian lichens (5591. those of earthworms 
(?170), and in t h e  characterization of plant poiyacetyienes 
:180, 928. 1526). 

Complex Lipids. The spectra of ester lipids derived 
from glycerol and other polyhydric alcohols is discussed, 
with particular reference to  the origin of [M-XI- ma 
w-XH]+ ions (X = RCOO, RO, OH) (85).  Triglycerides 
have been eluted from a short GC column into a mass 
spectrometer and the spectrum of a c156 trigiyceride is ex- 
hibited (1115). Diglycerides have been analyzed by 
GC-MS as the monoacetyi derivatives (6.15). 

$-Hydroxy fattv acids having long side chains a t  the N -  
position ( nocardomycolic and corynomycoiic acids ) he- 
quently occur as mixtures and can be conveniently char- 
acterized by GC-MS of the intact molecules as TMS 
ethers (1628, !629). An ornithine-containing iipid of 
'Thiobaciiius thiooxidans contains hydroxy-n-fatty acids 
and cis-il.12-methylene-2-hydroxyoctadecanoic acid 
(879). Mass spectrometry of methyl esters of acid hydroly- 
sis and of methanolysis products served t o  identify the 
components. 

Procedures for rhe GC and GC-MS analysis of phospho- 
lipids are described (471 1. 'TMS or isothiocyaniite-TMS 
derivatives have been found to  be suitable for the charac- 
terization of aikyl- and aminoaikylphosphonates hy  
GC-MS (644) .  Low voltage spectra and metastable scan- 
ning have been used in The investigation of spectra of un- 
derivatized phosphatidyl amino alcohols (8653. Certain 
substances, such as phosphatidyl cholines. produce moiec- 
ular ions of short lifetime: the Formation of these was de- 
duced from the presence of metastable ions corresponding 
to their fragmentation. MS analyses of the prenol and de- 
rivatives thereof have led to the characterization of a 
mannosyl-1-phosphoryl-octahydroheptaprenol from Myco- 
bacterium smegmatis (1456). 

For characterization of ceramides. mass spectrometry of 
the intact compounds as T M S  derivatives (introducible 
by GC) can give extensive information on base and fatty 
acid composition. Hydrolysis to the free bases and fatty 
acids may be followed by analyses of the bases as per- 
TMS or N-acetyl, 0-TMS derivatives and of the fatty 
acids as methyl esters. These methods are more fully de- 
scribed in the following recent papers (498, 622, 629, 714. 
827, 842. 912. 1037, 1297). 

Fragmentations of glycosylglycerides are discussed 
(260). Utilization of the fragmentations of both peracetyl 
and per-TMS compounds can give extensive information 
on base, fatty acid, and sugar composition according to 
studies on homogeneous cerebrosides containing one sugar 
moiety (30, 824). A xylose-containing cerebroside has been 
identified usin these methods in addition to degradative 
studies (825). 8C-MS of the per-TMS derivative and deg- 
radative studies have been used for characterization of 
glycolipids (containing one sugar residue) from algal het- 
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erocysts (929). Peracetylation has assisted in identifying 
mycosides by mass spectrometry (560). 

Glycolipids containing two or more sugars have been 
fully characterized although breakdown into smaller units 
is mandatory for analysis. If of the ceramide-containing 
type, application of techniques referred to above can give 
the base and fatty acid content. T., obtain the sugar se- 
quence and nature of glycosidic linkages, mass spectral 
methods discussed in the section on sugars are often em- 
ployed. The following recent papers deal with glycolipids 
of this type: (484, 486, 1038, 1373, 1417, 1427). Sialic acid- 
containing glycolipids have also been studied (823, 882) ; 
CI of gangliosides are reported (1029). 

Two other elucidations have been those of a macrocyclic 
lactone from a lichen (721) and of ascaroside aglycones 
(1460). 

Carbohydrates. FD spectra of such derivatives of stere- 
oisomeric monosaccharides as the 6-bromo-2-naphthyl and 
p-nitrophenyl compounds can be used to differentiate the 
isomers by consideration of the relative intensities of frag- 
ment ions (954). The FD technique. has also been applied 
to disodium  glucose-6-phosphate and certain deriva- 
tives, the spectra showing quasi-molecular ions inclusive of 
metals (1340). In elucidating the structure of an anthra- 
quinone glycoside, FD has also been used (1555).  CI meth- 
ods using ammonia and methane reagent gases have been 
applied to some sugars and derivatives (684) and give 
structural information such as the positions of linkages in 
acetylated disaccharides, in addition to the molecular 
weights. GC-MS methods are increasingly used for analy- 
ses of sugars and derivatives thereof. This is largely be- 
cause of the bewildering number of structural possibilities 
for these compounds that  either technique on its own 
would have difficulty in completely resolving. Reports 
have recently appeared on the GC-MS of aldonitrile ace- 
tates of partially methylated pyranoses (476). boronated 
sugars (1264, 1606), benzeneboronates of hexopyranoses 
(1280). silylated tetrulose and pentuloses (649), silylated 
partially-methylated sugars (650), silylated methoximes 
(924), trifluoroacetates (893), silylated sugar phosphates 
(6431, and permethylated aldoxy! aldonate? (1590). 
GC-MS of the derived alditol acetates is widely used for 
sequencing polysaccharides (see below), These compounds 
can also be separated by GC. collected, and analyzed by 
direct probe (320). The fragmentations of glucose ( a s  the 
pentaacety! derivative and of glycerol-1-phosphate (as the 
TMS ether-dimethyl ester) have been expiored using 
l*O-labeling (284, 285). The same isotope has been used 
as a tracer in an  elucidation of the reaction mechanisms 
of fructose-1.6-diphosphate aldolases (666) .  Investigations 
of the fragmentations of %acetarnido-i,3.4,6-tetra-O-ace- 
ty;-%deoxy-n-D-glucopyranose (440). 1,6-anhydro-2,3-0- 
isopropylidene-3-o-talopyranose (710! and of some methyl. 
0-methyl-D-xylofuranosides (900) have been made using 
specificaliy deuterated analogs. Studies have been made 
of the mass spectra of acetoxymercurated derivatives of an 
acetylated sugar (711) .  of acetylated 6-deoxy-6-haiogeno- 
0-D-glucopyranoses (309). of two methylated pseuaoaldo- 
biouronic acids !9!3 i .  of acetylated -methyi ester-methy! 
glycoside derivatives of sialic acids i88;! and o! syn and 
antiaromatic aldoximes (24,5!. hT-Salicylidene derivatives 
of amino sugars may be useful for eiueidation ;749) .  The 
spectra of the TMS derivatives of severa! aldohexopyra- 
noses have been studied and small Dut reproaucibie dif- 
ferences between isomers claimed i !539, .  The utility for 
structure elucidation of the spectra oi' tne TMS deriva- 
tives of a series 0;' disaccnarides has also been expiored 
181 7 ) .  Some fructase-containing oiigosaccharides (2-4 resi- 
dues) have been permethylated and the fragmentations 
recorded and discussed S ' 3 2 ; .  Trisaccharides have beer, 
reduced to  dig!vcosylpoIyols. ?ermethyiated an6 analyzec 
b y  MS (320i. Peracetyl derivatives of A\h-arylgiycosyiam 
ines of tri-. ietrti-. and pentasaccharides can give certain 
structural iniormation :311 . 

From the :oregoing. it 1s ap.~erent  :na: a weal:h of Tecn- 
niques exists for saccnaricir a vatizatior. anS eiucidatior. 
t~!' mass spectrometry. I: is d cult t:] judge which der!\ - 
atives are best for this purpose uu:. of :ne newer types 
boronates an2 silylateo: oximes appear to be most oromis- 
ins, hax!ing greater asymmetr:' i:: their structures. F 0" 
saccnarides javin; T:F : v v  1 x 7 -  rrr i:vp S U ~ B ~  residues 

permethylation (see below) retains its advantage because 
of the small increase in molecular weight introduced. 
GC-MS of partially methylated aldonitrile acetates or 
methoxime-TMS derivatives derived from permethylated 
oligosaccharides may compete with the commonly-used 
alditol acetates. 

GC-MS of silylated inositols is a convenient method for 
identification and quantitation: different isomers of inosi- 
tol occurring in the cockroach have been analyzed in this 
manner (673, 674). A synthesis of 3,6-di-O-methyl-~-ga- 
lactose is described, this compound apparently being 
identical with a product from methylation analysis of 
polysaccharides related to (-carrageenan (1221). 3-Nitro- 
1-propyl-P-D-glucopyranoside is a constituent of Astrala- 
gus miser ( I418) ,  the fragmentations of the peracetylated 
compound being utilized. Various sugars have been iden- 
tified in human urine (1008, 1009) and in human cerebro- 
spinal fluid (1232). 

For analysis of oligosaccharides containing perhaps four 
or more residues, there appears to be agreement as to the 
most fruitful type of approach. at least as far as current 
information allows. This approach relies on all or some of 
the following procedures or minor variations thereof: 1) a 
spectrum of the permethylated. persilylated, or peracetyl- 
ated oligosaccharide (if of sufficiently low molecular 
weight) can give the number of sugar units and some in- 
formation on type and sequence; 2)  complete hydrolysis 
followed by GC-MS analysis of derivatized monosacchar- 
ides and/or GC-MS analysis of acetylated alditols can 
give the sugar composition; 3) permethylation of the oli- 
gosaccharide and acid hydrolysis followed by GC-MS 
analysis of the acetyl derivatives of the NaBH4- and/or 
NaBDI-reduced products ipartialiy-methylated alditol 
acetates) can give valuable information on the nature of 
the sugar linkages; 4) partial hydrolysis with isolation of a 
disaccharide fraction may be combined with M S  analysis 
of the derivatized disaccharides. or better, with procedure 
3 repeated on the disaccharides. Such procedures can give 
virtually complete information on the sugar sequence and 
nature of the linkages. 

These procedures are exemplified by the following re- 
cent papers. A pentasaccharide of oleanolic acid has been 
identified in a Bersarna sp.  (1-525) and nystose ( a  tetrasac- 
charide) in horse-chestnut seeds (816). Other reports cover 
a galactan from the bark of the white willow (1488), lipo- 
polysaccharides of E.  coli (54 .5; .  of a Pasteurella sp. (656), 
of a Xanthomonas sp. (1.342i. of a Rhodopseudomonas sp. 
'!.378:. and of Klebsieiln strains (981). Capsular polysac- 
charides of ,ither K k b s i e h  types have been examined 
(315, 980. 982). Other reports dealing with compounds 
containing oligosaccharide units are listed in the sections 
on complex lipids and flavonoias;. 

Amino Acids. The CI spectra of' some free amino acids 
and derivatives thereof (amides. methyl esters. S-acetyl-  
ated) have been presented and discussed (946) .  The FD 
methol  has also been applied to free amino acids; all 
show strong molecular or quasi-moiecular ions (1602;. 
Dimethviaminomethyiene alky! ester derivatives may be 
suitabie for GC-MS anaiysis oi' amino acms I 1472). These 
compounds appear to be easily prepared, give single GC 
peaks for most acids. ana generaliy show molecular ions. 
Fragmentograph!- CI! the .l--trifiuoroacetyl.O-n-buty! ester 
derivatives has been used for the simultaneous quantita- 
tion of t e n  amino acids in soil extracts (12223. h'-O-Isopro- 
p'il derivatives have aiso round application for GC-MS of 
these compounds 170', Tht Eaman degradation of p e p  
:ides can give thiohydantoin derivatives of' amino acids 
and the mass spectra of These nave been disoussed '144;. 
:&k'i. The iormer report emphasizes use of the abundant 
metastable ioris present ir: these spectrz, some of which 
are unique t o  n given compound. Compiiations of frag- 
men:a:ion fiat2 are given ior suliur-containing amine 
acids ,'IS7 and for tne Iris-TMS derivatives :)f cercain 
Lypes ! 7&3'& 

aruxyme:hyL-~-anino acid itriermozymocidin, 
antifunga: compound isolated from a thermo- 

Dhiiic n o i d  (39 . .k zhioro-amino aci t ,  trans-2-amino-5- 
xEnoic acif, nas k e n  extracted from a mush- 

an? t h e  znusua'  rrs~s-8-iivdroxyproiine is e 
constituen;, of zentiae a l  s from Z2rianu.C omDhibic; 

methylargininr have beer. 



identified as constituents of bovine myelin hydrolysates 
by GC-MS of the benzamides (242) .  Antibiotics have 
been the source of novel amino acids including 3-amino- 
12-methyltetradecanoic and 3-amino-12-methyltridecanoic 
(from iturin) (1226) and P-hydroxy-L-valine and others 
from YA-56 (1282). A sponge has yielded a series of N -  
acyl-2-methylene-@-alanine methyl esters (832). In the 
course of a characterization of toxins from a plant patho- 
genic Pseudomonas sp., a novel amino acid, 3-amino- 
methyl-6-carboxy-3-hydroxy-2-piperidone has been de- 
tected (1468). 

Pept ide Sequencing. Of recent reports dealing with M S  
sequencing of peptides whose structures were previously un- 
known, the majority have dealt with peptides 
containing less than  about six amino acid resi- 
dues and for those of significant length, chemical or enzy- 
mic degradations have first been used to  produce single 
amino acids (Edman degradation) or peptides with be- 
tween two and five amino acids. 

Improvements continue to  be made in techniques for 
derivatization of peptides to increase their volatility. A 
report by Beuhler e t  al.  (136) has however emphasized the 
importance of using evaporation from inert surfaces such 
as PTFE when introducing peptide samples into a spec- 
trometer. Volatility when this material is used. is consid- 
erably enhanced over tha t  from metal or glass surfaces. 
Permethylated derivatives are already widely used for 
peptides and,  with recent improvements in technique, the 
method will probably find even wider use. Morris et  al .  
have employed a much shorter reaction time (60 secs) and 
demonstrated application of the method to histidine- 
(1095) and methionine-, cysteine- and arginine- (2096) 
containing peptides. An example of the advantages of 
using both acetylated-permethylated and deuterioacety- 
lated-perdeuteriomethylated derivatives is given (1284) in 
cases where sequence ions of particular formulas cannot 
unambiguously determine the sequence. Acetyiated-per- 
methylated derivatii.es of dipeptides are conveniently an-  
alyzed by GC-MS (280) .  A procedure for quantitative py- 
rolit ic conversion of a peptide trimethylanilinium salt to 
the corresponding methyl ester on an insertion probe is 
described (2322). N-Decanoyi derivatives continue to find 
some applications. principally to rather small peptides 
(1184, 1189, 1294). A variety of derivatives for the iL'-ter- 
minus of test tripeptide? have been extensively explored 
(384. 2209). Those such as the 4-(1\1:AV-dimethylamino)- 
naphthylidenes are reported to give volatile compounds 
whose spectra exhibit intense molecular ions and clearer 
h'-wrminal fragmentations. 

Use of dipeptidases for breakdown of peptides has a t -  
tracted some interes,t (286. 119.5. 1296). The resulting di- 
peptides may be identified b!, GC-MS of' the L\r-acetyi. 
permethylated compouncs (280) or of the LV-perfluoropro- 
pionyl. methyl esters (2d6). Following reaction with the 
enzyme. the peptide may then be taken through one 
Edman degradation and the enzyme action repeated with 
identification of the new set of dipeptides. Enzyme and 
cyanogen bromide degradation with analysis of permethy- 
lated products is weil exemplified in a report on a trideca- 
peptide (1235). Enzymi,: breakdown has been used in 
other studies (262. 263. 499. 701. 1184). The technique of 

es to polyaminoaicohols has been fur- 
t and may find wider use. The peptide 
o iower peptides which are esterified. 
ced with LiAlD4 to  poiyaminoalcohois 

which may then b e  analyzed by GC'-MS. X computer is 
useful for assembling the identified fragments into possi- 
ble structures (1162;. A. combination of some of the above 
techniques is briefly describer! (1605i. Preliminarh- data OD 
C! (77) and FD IFi i I6C1) spectra of underivatized pep- 
tides is given. FD spectra exhibit moiecular ions hut ap-  
pear to lack significant :sequence ions. 10.2-eY PI spectrs 
of some derivatizec? peptides are reported 1 1 I d 9 i .  The rei- 
ative abundance o!' the moiecuiar ions and higher mass se- 
quence ions is iarger compared :o E1 spectra. 

Lovins et a;. 147:, 4891 have shown tha: the !/-methy:. 
or :!'-phenylthioures derivatives of an  amine acid (Eamar. 
degradation products) 1ori heating in a spectrometer. rear- 
range i:) the Thiohydantoin derivatives. whose spectra may 
then be recorde2. The, same derivatives oi' the ?;-terminai 
amino acid of 6 peptide simiiariy rearrange :a the thio- 

hydantoin derivative of the terminal amino acid, leavir~g 
the shortened peptide. Because of possible thermal alter- 
ation of the residual peptide, i t  is unlikely tha t  the proce- 
dure can be continued stepwise in this manner for se- 
quencing. A manually-operated interface designed to  
transfer the pure thiazolinone from Edman degradation 
into a mass spectrometer is described by this group 
(1002, 1003). The spectra of thiohydantoin derivatives of 
cysteine are unsuitable for ready identification but conver- 
sion to S-methylcysteine followed by reaction to the p-bro- 
mophenylthiohydantoin may be suitable (2501). GC-MS 
analysis of T M S  derivatives of thiohydantoins formed by 
Edman degradation has been used by B u r p s  et  al.  (262, 
263).  

The mass spectra of some sulfur-containing peptides 
(1167) and of 6-lysine-containing types are discussed 
(1294).  

The application of many of the above methods is well 
described in reports of the elucidation of several peptides, 
e .g . ,  a fluorescent type from iron deficient Azotobacter ~ i -  
neiandii (543) .  a crustacean color change hormone (499): a 
glycopeptide from the posterior lobe of pig pituitaries 
(701), human parathyroid hormone (227) ,  somatostatin 
(263, 986), ovine hypothalamic luteinizing hormone-re- 
leasing factor (262) ,  and pyroglutamyl-peptides from 
snake venoms (1184). Cyclic peptides have been elucidat- 
ed (182, 336) but are more conveniently examined by M S  
methods as linear peptides. 

Applications of mass spectrometry to enzyme inhibition 
studies have been described (13) where a spectrum of the 
hydrolyzed enzyme is used to detect. for example. alkyia- 
tion of an  individual amino acid by the inhibitor. .4 com- 
bination of 13C S M R  with mass spectrometry of AY-tri- 
fluoro- and Il'-difluoroacetylated derivatives has been used 
to determine the composition of a cross-link compcxmd 
isolated from cow skin collagen (729). Use was made O F  a 
deuteriomethyl ester derivative and an ' eqiii-isotopic 
mass shift technique." 

Pur ine ,  Pyrimidines. Guanosine an2 adenosine-5'- 
monophosphate have been ionized by FD and the specrra 
reported i 1335). Molecular or quasi-molecular ion. are 
abundant and fragments due to the bases are visibii-. Her- 
ring DKA has been pyrolyzed directly on an FTj emitter 
and moiecuiar ions observed for the five 3asei pri.se:li and 
for larger fragments (2342) .  Ammonia C! spectra oi tT.V<j 
purine nucleosides snow both quasi-molecular and proiciri- 
ated free hase ions 11130). The fragmentation5 of h t k  
permethylated (1543) and pertrifluoroacetylated (88.7: !de- 
rivatives of nucieosides have been studied in  detail, a 
Doth types shoal promise for structural eiucidation. T?v 
derivatives have aiso been employed, e.g.. for cycior d -  
cleosides 1978. loo!, 1.503'1 and various types o!' cierivati\,es 
are compared for pyrimidine cyclonucieosides 1 1.58'; 
1584. Spwtra  of free pyrimidine nucleosides and their 
TMS derivatives iintroduced by GC) are C O ~ : J ~ W ~ :  
(1503). There are good discussions of' the spectra 13b- 
tained by  GC-MS: of ThlS derivatives of' 33 pyrimiciinc- 
and purine bases \ :.389) and of the Sam? derivatives o! 
certain pyrimidines and pteridines !.5!9!, A!so studiec 
have been some &substituted ureidopurines and .Yfi-ac!.is- 
denines ! 65%. purines and substiTuteci dihydropi:. 
(337;. substimted phenyluraciis and phenyl-i'-thiour 
:-?21,. and chlorinated purines (102.. 

imidine base. 5-1 d'.5'-dihyd:oxypent\.l I -uracil 
iated from Bacillus .mDtili: phage S:P-15 :IC 
2 )  anci synthesized (6.51 I .  The 

razomycin \ a  nucleoside! and o 
rivative are discussed 3561, P\.rimidines con 
other antibiotics and the spectra of some o!' :.tiest arc' re -  
ported (376 750). The mechanism of the !)ase-:-a:a!yzec 
conversioz of' I-methyiadenosine to  . ~ 6 - m e t h ~ ~ l a a e n o ~ , i n e  
has been studied by means of M S  invesrigarion 0:' COIT,- 
pounds produced from 1SP; -  and D-labeied 5ubstrare: 
1!600!. Products of methylation oi' uric acid have beer, ir!- 
vestigatec! by GC-%IS 1932). XIS methods ar:- 
characterizing phytohormones of tne zeatin type I 12 

The !ragmentations of biopterin an4 sepiapt er 
and of severai pteridines an& reduced anahgs  ::596) are 
discussed. .? veliow pteriaine from a D r ~ s ~ ~ n n i i a  sp. nas 
oeen cnaracrerizeci usin; the nipn resoiu: ion SDectrurr 
il4381. 



Antibiotics. These compounds are frequently poly-func- 
tional molecules of high molecular weight and while E1 
spectra of appropriate derivatives can often give a molec- 
ular ion. both CI and FD methods will often give much 
more intense molecular ions. CI has been applied to both 
carbohydrate-containing types such as ce!.esticetin (712) 
and to macrolide structures (1084, 1085). Fragmentations 
Easily related to the structures are often observed. FD has 
Seen applied to a variety of antibiotics, including neomy- 
cin, erythromycin, streptovaricins, filipins, and dermosta- 
tins by Rinehart et al. (1272). Strong molecular ions were 
obtained for each type. 

The structure of vancomycin, a complex antibiotic 
known for some years, is being slowly but steadily re- 
vealed (792, 1276, 15821. The structural units described in 
rhe !atter report account for almost 75% of the molecular 
weight of the antibiotic. Structures recently described in- 
clude herqueichrysin, a phenalenone type from Penicil- 
lium izerquei (1158), LL-Z1220. containing a cyclohexene- 
diepoxide ring (190), maleimycin ( a  bicyclic maleimide) 
from Streptomyces showdoensis (478) and LL-S490p, a 
novel benzodiazepinedione from an  Aspergillus sp.  (47.5). 
YA-S6 of the phleomycin-bleomycin group has been 
shown to contain certain sugars and amino acids by MS 
xethods '1 182. 11831. Fragmentations of a C-nucleoside 
mtibiotic. pyrazomycin. and of its T M S  derivative have 
heen considered in detail 13561. Hikizimycin. isolated 
from a StreptomJces SI). has a moiecular formula of 
\,21H37?;5014 and contains :3-amino-~~-deoxy-~-~lucose  and 
cytosine 1,376). In this study, molecular ions were obtained 
cor Deracetyl. permethyl. and perdeuteriomethyi deriva- 
tives. Streptom) cec cncaoi can incorporate 3-fluorouracii, 
an unnatural precursor into polyoxins which exhibit anti- 
hx ter ia i  activity i750): GC-MS of the TMS derivative 
was !]sed for characterization. Chetomin. a metabolite of 
('huetomiurn cw4liodes and C. giobosum, contains an in- 
?.ole. an indoline. and two epidithiodioxopeperazine sys- 
tems I 1314). Inou:.e 75fi1 has described the fragmenta- 
tions of the .'c'-salics~lidene derivatives of some arninogiy- 

idic antibiotics. Spectra of kanamycin A .  an aminocy- 
oi antibiotic and some of its derivatives fe .g . .  Y-ace- 

r;:i. .Y.O-nethvi) have been produced by both EI and CI 
methods !3W. The information given 'ny the two methods 

be c m ~ ~ e n i e n t l y  complementary. 
ide antibiotics described inciude the kikumvcins 

a tripeptide from Kerutinoph.ton terreum (894'1, 
in 3. a cyciodepsipeptide type (336) negamy- 

bvdrazide type) from Strept0m);e.s purpeojuscus 
189%). and hydroxypepstatin from a Atreptomyces sp. 
i 1.515). Methods used with these compountis include some 
~f Those described in more detail in the section on pep- 
rides. :3-Xmino-i2-methyltetradecanoic and 3-amino-12- 
methyltridecanoic acids are constituents of the peptide 
iturin (1226). 

Kagan and Grostic ( S l O ,  have shown that compounds of 
:he lincomycin type can be conveniently characterized by 
MS methods. Mutants of Streptomyces caelestis produce 
derivatives of ceiesticetin including 7-0-demethylcelesti- 
cerin 141) and N-dimethylcelesticetin and N-demethyl-7- 
0-demethylcelesticetin ( 3 2 ) .  Spectra of the TMS deriva- 
tives of this type of molecule (introducible by GC) can 
give structural information such as the nature of the acid 

uki has discussed the application of mass spectrome- 
re elucidation of macrolide antibiotics (13291. 

Fragmentations of the macrolide megalomycins have 
been described (779). Macrolides recently elucidated are 
flavofungin from a Streptom?ces sp. (178). YC-17 from S. 
renezuelae 1857). chlorothricin from S. antibioticus 
( 2 1  1 9 ) .  the venturicidines from S. aureofaciens (254) ,  
chainin from a C'hainia sp.  [1200), angolamycin from 5'. 
cup'rhermtis (831 ). and antileukemic ansamacrolides from 
Ma?,tenus spp. (927. 918). It is of interest to note 
that another .Va>tenus sp. has :,.ielded a quinonoid 
triterpene also with antitumor activity (392). Two antileu- 
kemic simaroubolides, bruceantin and bruceantarin from 
Brucea nntid>,senterica have been identified (915). 

Scytalidin. a new fungitoxic metabolite produced by a 
Scytalidium sp. has been described (2432). Several 6-alk- 
ylpenicillins and 7alkylcephalosporins have been pre- 
pared and the structure of a novel cephalosporin elucidat- 

fi 

ed (185). A penta-TMS derivative of tetracycline has been 
prepared and the structure confirmed by GC-MS (2506). 

Semiochemicals. Semiochemicals include intraspecific 
communicants (pheromones) and chemicals that  act as 
attractants and repellants between different species. Al- 
though many such compounds can be biosynthetically 
considered as polyketides or isoprenoids, some papers con- 
cerned with this field are gathered here because of their 
general interest. Regnier (1259) has given a general ac- 
count of the mass spectrometry of semiochemicals. 

?'he voiatility of semiochemicals is usually such that 
GC-MS may be applied directly without prior derivatiza- 
tion. In demonstrating the occurrence of 3-octanone and 
3-octanoi in a Cwnastogaster sp. by CC-MS (13231, 
Schlunegger and Leuthdold found that  normal solvent 
peaks interfered with the analysis of these volatile com- 
pounds and used a high boiling solvent for injection. This 
eluted after the compounds of interest. 

Other examples of structure elucidation of semiochemi- 
cals include two novel norsesquiterpenes. gyrinidal and 
gyrinidone, from the pygidial glands of gyrinid beetles 
1050, 1587), alkylpyrazine a l a r 3  pheromones from poner- 

ine ants (25853, a novel nitrogen heterocycle as a phero- 
inone from Pharaoh's ants (14571, cis-9- and cis-ll-tetra- 
riecenyl acetate as sex pheromones of the moth Adoxo-  
phyes orana (10491, y-dodecalactone from the pygidial 
glands of rove beetles (1586), oct-2-en-1-ai and 4-oxo-oct- 
'2-en-l-al and other compounds from the scent glands of 
milkweed bugs (5551, and new macrocyclic compounds 
from the odiferous glands of civet cats and muskrats 
(1523), and ( 2  Z, 6 E)-7-methyl-3-propyl-2,6-decadien-l-ol 
from the codling moth (1089.  

Flavors, Odors, a n d  Food Contaminants. GC-MS is a 
method ideally suited to the analysis of the complex 
xixtures of volatiles which frequently constitute flavors 
and odors. Recent examples of its application include: the 
steam volatile. zroma from Ceylon tea !1627), the aroma 
?om roasted green tea (1622), vinegar volatiles (821).  
passionfruit volatiles ( 1 1 1 9 ) ,  capsicum flavor (1110).  vola- 
tile constituents of Liatris spp. (828). the smell of roasted 
filberts (856), neutral volatile constituents of Greek tobac- 
co 1855). and the aroma of strawberries (145). Certain C19 
steroids apparently contribute to  the "sex rjdor" in pork 
ana  these nave been investigated by GC-MS 1674).  Phe- 
nviic components of' wood smoke have been studied using 
TMS ether derivatives (898). The mass spectral fragmen- 
tations of isohumulones and related compounds. constitu- 
ents of hops. are discussed (2363). Major acids in fruit 
juices have been isolated by lead precipitation and ana- 
lyzed by GC-MS of the TMS derivatives (2302). 2-trans.4- 
cis,;-cis-Decatrienal is a constituent of the "fishy off-ila- 
vor" of certain strongly autoxidized oils 1048). Geosmin 
is an  odorous metabolite of an  Actinomyces sp. i8n'O). 

Highly carcinogenic nitrosoamines may be present in 
certain foodstuffs and GC-MS methods have been de- 
scribed for their identification and quantitation (25% 
,581). The methods use fragmentography in a high resolu- 
tion mode, adding a high degree of specificity in the de- 
termination of these low molecular weight compounds. 
MS evidence has assisted in the structural elucidation of 
a reactive aflatoxin B1 metabolite (556). 
ENVIRONMENTAL APPLICATIONS (PESTICIDE 

.\NU POLLUTANT ANALYSIS) 
Extensive use has been made of M S  methods in detect- 

ing various kinds of pollutants in the geosphere: pesti- 
cides, herbicides, and polychlorinated biphenyl (PCB) 
residues have attracted particular attention. Damico (373) 
has given a comprehensive review of the mass spectrome- 
try of compounds of this type. 'The fragmentations of some 
pesticides have Seen studied using metastable analysis 
11301). The spectra of some polycyclic chlorinated pesti- 
cides obtained by CI with methane are reported (159). 
Quasi-molecular ions are readily observed. but fragmenta- 
tions are also observed. 

GC-MS is particu!arly suitable for detection of pollu- 
tants in. for example. extracts of soils and natural waters. 
X review by Sherma (1367) discusses chromatographic 
analysis of pesticides. The sensitivity of GC-MS does not 
compare favorably with that of the electron capture detec- 
tor for polychlorinated compounds, although quantitation 
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of known compounds can be readily made by operation in 
the fragmentographic mode, with comparable sensitivity 
and greater specificity (187, 1358, 1467). Thermal and ad- 
sorptive effects in GC-MS interfaces may be encountered 
with certain compounds. For example, samples of hepta- 
chlor and 1-hydroxychlordene have been introduced via 
GC and direct probe and the respective spectra show very 
noticeable differences (395). Residues have been separated 
by GC, trapped, and introduced by direct probe into a 
spectrometer scanning repetitively over narrow mass rang- 
es (1362). 

M S  methods, including GC-MS, have been used in the 
following studies: the metabolism of PCB's in animals and 
plants (739, 1105, 1636), the action of UV light on PCB's 
(737) and on triazin-5(4H)-ones (1201), detection . of 
DDT-type residues in plants (1644), and the detection of a 
cvanide derived from D.D'-DDT in anaerobic sewage 

I .  

siudge ( 17). 
- 

GC-MS has been used in analytical studies of prepara- 
tions of BHC (1114) and chlorophenols (512). Highly toxic 
chlorinated dibenzofurans have been found in PCB prepa- 
rations, and attempts have been made to link these com- 
pounds with elevated levels of embryonic death in wildlife 
populations of certain areas (200). Analyses have been 
made of insecticide and pesticide residues in human adi- 
pose tissue (160, 363). 

A GC-MS study of contaminants in air has resulted in 
the identification of more than seventy polynuclear aro- 

hydrocarbons (935).  A similar study of organic com- 
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pounds in diesel exhaust has permitted the identification 
of 31 hydrocarbons and 6 oxygenated compounds (822). 
Levels of bis-(chloromethy1)ether in air may be deter- 
mined by fragmentography (1358). 

The analysis of contaminants in water may also use 
GC-MS techniques (188, 272, 676, 677, 1388). Alkanes, 
aromatic hydrocarbons, and phthalate esters are common 
constituents of the organic fraction. Warren and Malec 
(1570) have described a GC technique for the determina- 
tion of nitriloacetic acid and related aminopolycarboxylic 
acids in inland waters; the fragmentations of the N-triflu- 
oroacetyl, rz-butyl ester derivatives used are reported. An 
interesting technique for the identification of oil spills 
uses fingerprinting by the FI SDectrum instead of GC 
methods (1350). 

ACKNOWLEDGMENT 
We gratefully acknowledge the financial support of the 

National Aeronautics and Space Administration (Grant 
NGL 05-003-497), the National Institutes of Health (Grant 
NIH RR-719-Ol), the National Science Foundation (Grant 
NSF GP-38389X), the Bodega Bay Institute of Pollution 
Ecology, and the Ramsay Memorial Fellowship Trust 
(Great Britain) (Grant to  PJD). We also wish to thank the 
following people who helped with the literature search and 
typed the manuscript: Agneta Candal, Linda Clews, Sher- 
ry Dobo, Kristine Kopping, Dan Kuklo. Kelly McGuire, 
and Virginia Schutz. 

Aigeri. S . ,  Baker,  K .  M . ,  Frigerio. A 
Turner, A J , Summ Int. Symp Mass 
Spectrom. Biochem. Med. ,  lstituto 'Mario 
Negri ', Milan. Italy, 1973, p 2 
American Jhemical  Society, 164th Na- 
tional Meeting, New York. N y . .  August 
27-September 1 ,  1972, Abstracts 
Anbar, M . ,  Aberth, W H , A m i .  Chem.. 
46, 59A (1974) 
Anders. E ,  Albee, A. L. ,  Geochim. Cos- 
mochim. Acta. 37, 719 (1973) 
Andersen. C A,,  Hinthorne, J R . ,  Ana/. 
Chem.. 45, 1421 (1973) 
Anderson,  B A ,  Karlsson, K.-A , 
Pascher, I Samuelsson, B E ,  Steen. 
G 0 , Chem Phys. Lipids, 9,  89 (1972) .  
Andlauer. B , Ottinger. Ch , J .  Chem. 
Phys . .  55,  1471 (1971) 
Andlauer, E . ,  Ottinger. Ch , 2. Natur- 
forsch. A. 27, 293 (1972) 
Ando, T ,  Rasmussen. K Wright. J. M . ,  
Nyhan, W L , J. Bioi. Chem.. 247,  2200 
(1972) 
Andrewes. A G..  Liaaen-Jensen, S . .  
Acta Chem Scand.. 26, 2194 (1972) 
Anicich, V G , Bowers, M T , /n t .  J 
Mass Spectrom. /on Phys.. 11, 329 
(1973) 
/bid.. 12 ,  231 (1973) 
Anicich, \/. G.,  Bowers, M .  T., O'Malley, 
R .  M. ,  Jennings, K .  R . .  ibid.. 11, 99 
(1973) 
Appelbaum. J A,,  Bull. Amer. Phys 
SOC.. 18, 334 (1973) .  
Aragozzini. F Manachini. P L , Craveri. 
R . .  Rindone. B. .  Scolastico. C Tetrahe- 
dron. 28, 5493 (1972) 
Arends, P , Helboe, P , Molter, J . .  Org. 
Mass Spectrom.. 7 ,  667 (1973) 
Argoudelis, A D . ,  Coats, J H . Lemaux, 
P G Sebek, 0 K , J .  Anribiot.. 25, 445 
(1972) 
/b id. .  26, 7 (1973) .  
Arnett, E M. ,  Jones, F.  M. .  I l l ,  Taagep- 
era, M , Henderson, W G . Beauchamp. 
J .  L . ,  Holtz, D , Taft. R .  W , J .  Amer. 
Chem. SOC., 94,  4724 (1972) 
Arnold, E L , Ford, R . ,  Ana/. Chem.. 45, 
85 (1973) 
Arpin N KjdSen H , Francis G W 
Liaaen-Jensen S Phytochemisfry 12, 
2751 119731 
Arpin N Liaaen-Jensen S Trouilloud 
M Acta Chem Scand 26. 2524 
(1972) 
Arsenault G P J Amer Chem SOC 
94, 8241 (1972) 
Arsenault G P Dolhun J J Biemann 
K Anal  Chem 43, 1720 (1971) 
Arshadi M Yamdagni R Kebarle P 
J Phys Chem 74,  1475 (1970) 

Asbrink, L. ,  Fridh. C..  Jonsson, 5.-0.. 
Lindholm. E , int .  J .  Mass Spectrom. /on 
Phys ,  8, 215 (1972) 
/ b i d . .  p 229. 
Aspinai. M L .  Chapman, J R ,  Comp- 
son, ti R ,  Hazelby. D ,  Riddoch. A , ,  
21st Annu. Conf. Mass Spectrom Allied 
Topics. San Francisco. Calif May 1973. 
Paper No T-13 
Ast, T , Beynon. J H.  Org. Mass Spec- 
from., 7. 503 (1973) 
Ast. T I  Beynon. J H I  Cooks. P. G I  J .  
Amer. Chem Soc.. 94,  1834 (1972) 
lhd  , p 661 1 
Ast, T , Beynon. J. H.. Cooks. F1 G . ,  
Org. Mass Spectrom., 6, 741 (19721 
/bid., p 749 
Aston, F W , "Mass Spectra and Iso- 
topes," Edward Arnolc Ltd . London, 
1942 
Ataullah Khan, M. .  Siddiqui S . .  Experien- 
tia. 28. 127 (1972) 
Aue, D .  H , Webb, H M , Bowers, M .  T.. 
21st Annu Conf Mass Spectrom. Allied 
Topics. San Francisco. Calif , May 1973, 
Paper No J-4 
Aue. D H. ,  Webb, H M. .  Bowers. M T , 

J. Amer. Chem Soc.. 94,  4726 (1972) 
/bid.. 95. 2699 (1973) 
Aune, J P.. Metzger, J . ,  Buii. Soc. Chim. 
Fr . .  3536 (1972) 
Ausloos. P , Rebbert. R .  E. .  Sieck. L. W. .  
Tiernan. T 0..  J .  Amer. Chem. SOC., 94, 
8939 (1972) 
Auvinen, E M , Takhistov, V V , Mishar- 
ev, A. P I  Favorskaya, I .  A,. Zh. Org. 
Khim..  8, 2196 (1972) 
Ax& U , Baczynskyj. L. ,  Duchamp, D .  
J . ,  Zieserl. J F , J .  Reorod. Med..  9.  372 
(1  972) 
Ayer, W A ,  Carstens, L L . Can. J. 
Chem.. 51. 3157 (19731 
Back. P , Clin. Chim. Acta. 44, 199 
(1973) 
Back, P I  Ross, K . ,  Hoppe-Seyler's 2 
Physioi. Chem . 354, 83 11973) 
Back, P . Sjovall, J..  Sjovall, K , Medica/ 
Biology. in press 
Baczynskyj. L , Duchamp. D J Zieserl. 
J F ,  Axen U , Ana/. C h e m ,  45, 479 
(19731 
Baillie, T.  A , Brooks. C .  J W , Middled- 
i tch.  B S , / b i d . ,  44, 30 (1972) 
Baker ti. M , Frigerio, A ,  J Chem. 
SOL Perk in  Trans. 2. 648 (1973) 
Bakker, J M.  B . /nt J Mass Specrrom. 
lonPhys . .  11, 305 (1973).  
Baldwin M.  A,,  McLafferty.  F.  W , ibid., 
12, 86 11973) 
Baldwin. M A , McLafferty.  F W , Org. 
MassSpectrom.,  7,  1111 (1973) 

A N A L Y T I C A L  C H E M I S T R Y ,  V O L .  46, NO. 5, A P R I L  1974 2 7 3 R  



(77) /bid., p 1353. (119) Bennett, S. L . .  Lias, S. G.. Field, F H , 
(78) Ballantine, J A,. Ferrito. V . ,  Hassall, C. J. Phys. Chem., 76, 3919 (1972) 

(120) Benoit. F , Org. Mass Spectrom.. 6, 1289 
Trans. 7 ,  1825 (1973) (1972) 

(79) Barber, M , Elliott, R .  M . ,  12th Annu (121) ibid.. p 1377 

H , Jenkins, M .  L.. J. Chem. Soc.. Perkin 

Con! Mass Spectrom. Allied Topics, (122) /bid.. 7, 295 (1973) 
Montreal, Canada, June 1964. Paper No. 
22 (124) Benson, S. W ,  O'Neal, H. E ,  NSRDS- 

(80) Barber, M , Jennings. K R. .  Rhodes, R , NBS. 21, U.S. Government Printing Of- 
Z. Naturforsch A .  22, 15 (1967) 

181) Barofsky, D F . Barofsky. E 21St Annu. (125) Bentley, T W.. Johnstone, R A W , 

Conf Mass Spectrom Allied Topics. San. McMaster. B . .  J .  Chem. SOC.. Chem. 
Francisco. Calif , Paper No U-1 

(82) Bartolini. G .  L . Erdrnan, T. R. ,  Scheuer. 
P J , Tetrahedron. 29. 3699 119731 

(123) /bid.. 7. p 1407 

f ice,  Washington, D C. (1970) 

(83) Baselt, R C , Bickel, M .  H. .  Biochem. 
Pharmacoi.. 22, 3117 (1973) 

(84) Bateson. J H , Cross, B. E.. J. Chem. 
Soc.. Ferkin Trans. 7 ,  1117 (1972) 

(85)  Baumann. W. J , Aasen, A J , Kramer. 
J K G , Holman, R.  T.. J .  Org. Chem.. 

Comm.. 51 0 (1  973) 
126) Bentley, T W , Johnstone, R A. W.,  Ne- 

ville. A. F . ,  J. Chem. SOC., Perkin Trans. 
7 ,  449 (1973) 

127) Berde. H V . ,  Gogte, V N . ,  Kulkarni, P. 
S.,  Das, K .  G.  indian J .  Chem.. 9. 1332 
11971) 

128) Berkowitz J Appleman E H Chupka 

129) Berkowitz J Dehmer P M ChuDka 
W A J Chem Phys 58, 1950 (1973) 

36, 3767 (1973) 
(8E) Bearder. J R . ,  MacMillan, J. .  Phinney. W.  A . .  (bid.. 59, 925 (1973) 

B 0.. Phytochemistry, 12, 2655 (1973). 130) Berthou. F . ,  Bardou. L. ,  Floch. H H. ,  J .  
(871 Beauchamp. J. L.,  J. Chem. Phys., 46, SteroidBiochem..  3, 819 (1972) 

1231 (1967) (131) Bertilsson, L. .  Atkinson, A. J. ,  Jr , Al- 
(88) Beauchamp, J. L. ,  Ann. Rev. Phys. thaus, J R , Harfast. P. . .  Lindgren, J.-E , 

Chern . 22. 527 (1971).  Holmstedt, B., Anal. Chem.. 44. 1434 

(93)  

(94) 

i102) 

(103) 

(104) 

(1051 

Beauchamp. J .  L ,  Caserio. M .  C., J. 
Amer. Chem. SOC., 94, 2638 (1972) 
Beauchamp J .  i., Holtz, D . .  Woodgate. 
S D . Patt, S.  L . ,  !bid., p 2798. 
Beckett. A H., Coutts R .  T I  Ogunbona, 
F A .  i. Pharm. Pharmacoi.. 25, 708 
i'9731 
Beckey, H D , "Field ionization Mass 
Spectrome:ry," Pergamon Press. Oxford, 
1971 
Beckey. H D..  21st Annu. Conf. Mass 
Spectrom Allied Topics, San Francisco, 
Calif May 1972. Paper No PL-2 
Beckey. H D . Bloching, S , Migahed. M 
D , Ochterbeck E. ,  Schulten. H R , I n t .  
J Mass Spec:rom. ion Phys . 8. 169 
I 1372; 
BecKev, H D , Hey. H.. Levsen. K . .  Ten- 
scher!, G ibid.. 2, 101 (19691 
Beckey, H D , Hi l t .  E , Schulten. H. R . .  
2 PhvS. E .  Sci instrum., 6, 1043 (1973) 
Beckey. H. D .  Migahed. M D ,  Z. Nat- 
urtcrsch A .  26, 2363 (1971) 
Beckey H D. Migahed, M D ,  Org. 

Beckey. H C , Migahed M D , RBllgen. 
F W , in? J' Mass Spect iom ion Phys.. 
19 .471 11972'1973).  
Beckev P, D , Rollgen. F.  W . Naturwis- 
senschairen 58. 23 119711. 
Beckinsale, R D Freeman, N J . .  Jack- 
son, M C ,  Powell. R E ,  Young, W.  A. 
P , lot  J'. Mass Spectrom /on Fhys.. 12, 
299 (1973) 
Beerbaum, H , Grupe, K H Cech D ,  
Meinert, H , Z Chem.. 13, 309 11973) 
Deggs, D P , Field. F H . J Amer 
Chem. SOC. 93, 1567 (19711 
Belanger. P . Zintel. J. A. ,  VandenHeu- 
vel, $21 2 A , Smith, J .  L. .  Can J'. 
Chern , 51,3294 (1973) 
Bell, N. W , 20th Annu. Conf Mass 
Spectrom. Allied Topics. Dallas Texas 

:;prctron!.. 6. 923 (1972) 

~~ 

June 1972. Paper NO. R-5 .  
(106) Bell. N .  W 21st Annu. Con! Mass 

Spectrom Ailied Topics, San Francisco, 
May 1973, Paper No. K - 2  

1107) Belousov. A S , Bredikhina, N A.. re i .  
Arkh , 44, 65 (1972).  

(108) Beivedere. G , Caccia. S , Frigerio. A , 
Jori, 4 , J ChiomatOgr.. 84. 355 (1973).  

(1091 Belvedere. G , Franchi. G . Frigerio, A. .  
ibid. p 171 

( 1  I O )  Ben-Aziz, A , Britton. G . .  Goodwin. T 
W . Phytochemis:ry. 12. 2759 11973) 

(111) Bender C F Kowalski. B R . ,  Anal. 
Chem 45, 590 119731 

(112! Bender. C F , Si.ephsr!* 14 D , Kowal- 
ski B R {bid p 6 i' 

lorsch A 27. 670 119721 
(113) Benezra S A Bursey M M L Natur- 

i 132) 

(133) 

(134) 

(135: 

(1361 

(137) 

(138) 

(139) 

(145) 

i 146) 

(1471 

(1972) 
Bertilsson, L , Palmer, L , Science. 177, 
74 (1972).  
Bertilsson L , Palmer, L. ,  Life Sci.. 13, 
859 119731 
Bertrand, M , Beynon, J H., Cooks, R 
G . .  int .  J .  Mass Spectrom. ion Phys , 9. 
346 (1972) 
Bertrand. M , Beynon, J H. Cooks, R 
G , Org. Mass Spectrom.. 7, 193 11973) 
Beuhler R J . ,  Flanigan, E.. Greene. L 
J , Friedman. L , Biochem. Biophys Res 
Commun.. 46. 1082 (1  972) 
Beuhler. R J , Greene, L. J . ,  J .  Amer 
Chem Soc.. 93. 4307 (1971).  
Beynon. J H , Amy, J .  W. ,  Baitinger. W 
E.. J Chem Soc.. Chem. Commun.. 723 
(19691 
Beynon, J. H I  Bertrand, M I  Cooks, R .  
G . ,  J .  Amer. Chem. Soc.. 95. 1739 
(19731 
Beynon, J .  H , Bertrand M , Cooks, R 
G . .  Org. Mass Spectrom.. 7, 785 (1973) 
Beynon. J H , Bertrand, M , Jones, E 
G , Cooks, R G. ,  J Chem. SOC. Chem. 
Commun..  341 (1972) 
Beynon J H , Caprioli. R .  M , Ast, T , 
Org. Mass Spectrom.. 5,  229 119711 
ib id  6, 273 11972) 
Beynon, J H Caprioli. R .  M , Baitinger. 
W E . ,  Amy. J W., /n t .  J .  Mass Spec- 
trom. ion Phys . 3,  313 (1969) 
Beynon, J H , Caprioli, R .  M . .  Perry, W 
0 , Baitinger, W.  E.,  J .  Amer Chem. 
SOC, 94, 6828 (1972) 
Beynon J H , Caprioli. R.  M , Shannon. 
T. W , Org. Mass Spectrom , 5.  967 
(1971) 
Beynon. R M. ,  Caprioli, R .  M , Shapiro. 
R H ,  Tomer. K B ,  Chang. C W J ,  
Org. Mass Spectrom.. 6, 863 (1972) 
Beynon, J H . Cooks, R .  G . Res. I Devei- 
op.. 26, Nov (1971).  
Beynon, J H. .  Cooks, R G ,  Amy J W 
Baitinger, W E , Ridiey. T V , Anal 
Chern.  45. 1023 119731 

150) Beynon. J H , Cooks. R .  G..  Caprioli, R .  
M Proc. Roy Soc.. Ser. A .  327. 1 
(1972).  

151) Beynon J H I  Fontaine. A E ,  J .  Chem 
SOC. Chem Commiin.. 717 (1966) 

152) Beynon, J .  H . .  Fontaine. A E ,  Lester. G 
R , Inf. J .  Mass Spectrom. ion Phys 8. 
341 (1972) 

153) Bieber. M A , Sweeley, C. C.,  Faulkner. 
D J , Petersen. M R , A m i .  Biocnem.. 
47. 264 (!972) 

154) Biemann, K , in "Techniques of Chemis- 
try, Vol 4, Elucidation of Organic Struc- 
tures by Physical and Chemical Meth- 
ods, ' K .  W Bentley, G. W Kirby. Ed , 
Wilev-lnrerscience. New York N Y 

(1141 Benezra S A Bursey a '  V Org '972 part 1 Chap 5 
Mass Spectrom 6. 462 ( ' $ 1 2 1  1155) Bi?r D M Sherman W R Holland W 

(115) hid 7. 241 ,1973) H Kipnis D M 21st Annu Conf Mass 
(116) Bennett S L Field J Amer Spectrom Allied Topics San Francisco 

C r e r ?  Soc 94, 5186 '19721 Cali' May 1973 Paper No N - 5  
(1171 ib id  p 5 1 8 8  '156) Billets S Lietman P S FenselaJ C 
(118, {bid ~ 8 6 6 9  J Wed Chem 16. 30 118731 

(157) Bin Im. W..  McCormick. D. B.,  Wright. L .  
D. ,  J .  Bioi. Chem., 248, 7798 (1973) 

(1  58) Biomedical Mass Spectrometry, Heyden 
& Son, Ltd., London 

(159) Biros. F.  J , Dougherty. R C , Dalton, J , 
Org. Mass Spectrom., 6, 1161 (1972).  

(160) Biros. F. J . ,  Enos, H.  F , B u / / .  Environ. 
Contam. Toxicoi.. IO, 257 (1973).  

(161) Bishay. D W , Kowalewski, Z. ,  Phillip- 
son. J .  D. ,  Phytochemistry. 12. 693 
(1973) 

(162) Bjorkhem, I , Biochim. Biophys. Acta, 
260. 178 ( 1  9721 

(163) Black. P E , Cohen. A. I , 20th Annu. 
Conf Mass Spectrom Allied Topics Dal- 
las June 1972 Paper No R-12 

1164) Blackman A J Bowie J H Aust J 
Chem.. 25, 335 (1972) 

(165) Blackman, A. J , Bowie. J .  H , Org. Mass 
Spectrom.. 7, 57 (1973) 

(1661 Blair, A. S , Harrison, A G . ,  Can. J .  
Chem,  51, 703 (1973) 

(167) /bid., p 1645 
(168) Blair, A S. .  Hesiin. E J . ,  Harrison. A. 

G . .  J .  Amer Chem. SOC., 94, 2935 
11972) 

(169) Blair. L. K , Isoiani. P. C , Riveros. J M . ,  
ibid.. 95, 1057 (1973) 

(170) Blessington, 6.. Fiagbe, N. I .  Y , J. Chro- 
matogr , 78. 343 (1973) 

(171) Blomquist. G J . .  Soliday, C. L.. Eyers. B. 
A,,  Brakke. J W , Jackson, L. L .  Lipids, 
7. 356 (1972).  

(172) Blum. S , Gertler. S , Sarel, S.. 
Sinnreich, D , J .  Org. Chem., 37, 3114 
(1972) 

(1731 Blum. S , Sarel. S , ibid.. 37, 3121 
(19721 

(174) Blum, W.,  Richter. W J , Tetrahedron 

(175) Blumenthal, T , Bowie. J H . Org. Mass 

(176) Blumer M , Ana/ Chem., 45, 980 
(1973) 

(177) Boettger. H G , 21st Annu Conf Mass 
Spectrom. Allied Topics. San Francisco. 
Calif , May 1973. Paper No. T-5 

Brown. 8. 0 ,  Lockley, W J S . .  Toube. 
T. P., Weedon, B C L , J .  Chem. soc . ,  
Perkin Trans. 7 .  1848 (7972).  

(179) Bohimann, F , Weickgenannr. G , Zdero. 
C . ,  Chem Ber.. 106, 826  (1973) .  

(180) Bohlmann. F , Zdero. i: . !bid.. 105. 3587 
(1972) 

(181) Bohman-Lindgren, G , rerrahedron. 28, 
4625 (1972) 

(182) Bohme, D K , Hemsworth. R S , Run- 
dle. H. VV , J .  Cnem. Phys.. 59, 77 
11 973).  

(183) Bohme, D K .  Lee-Ruff, E. .  Young, L 
B ,  J. Amer. Chem. Soc.. 93, 46C8 
(19711. 

(1841 Bohme, D K . .  Lee-Ruff, E , Young, L 
B , ibid.. 94, 5153 (19721 

(185) Bohme, E. H .  W.,  Applegate. H .  E . Erv- 
ing. J B ,  Funke. P T ,  Puar, M S ,  Dol- 
fini, J E., J,  Org Cnem. 38. 230 (1973) 

(1861 Bone. L I . ,  6th int Conf on Mass Spec- 
trometry. Edinburgh. Sept 1973. "Ad- 
vances in Mass Spectrometry,' Vol 6.  A 
R .  West. Ed , in press 

(187) Bonelli E J , Ana/. Chem.. 44, 603 
(1972) 

( ' 8 8 )  Bonelli. E J , Smith, R .  D , Etfluent 
Water Treat. J . .  12, 87 (1972) 

( i 8 9 )  Bonnichsen. R , Fri. C -G.,  Negoita. C , 
Ryhage. R , Ciin Chim. Acta. 40. 309 
(1972) 

(190) Borders, D. B., Shu. P ,  Lancaster, J E 
J. Amer. Chem. SOC.. 94, 2540 (1972) 

(191) Borg, L . Hjalmarsson, 0 .  Lindstedt. S 
Steen. G . Scand. J .  Ciin. Lab. lnvest 
Suppi. .  126, 29. p 17 9 (1972) 

(192) Borgen. O. ,  Larsen, B , Acta Chem. 
Scand.. 26, 3391 (19721 

(193) Bourne, A. J . Danby, C J , J .  Sci. in- 
s t rum.  Ser 2 .  1. 155 11968). 

(1941 Bowen. D H. ,  Crozier. A, ,  MacMillan, J , 
Reid, D M Phytochemistry. 12. 2935 
11973) 

(195) Bowen. D H , MacMillan, J Graebe, J 
E . ibid.. 11, 2253 (1972) 

(196) Bowers. M .  T , Aue. D H. .  Elleman, D 
D J Amer Chem. Soc.. 94, 4255 
119721 

L e t t ,  835 (1973) 

Spectrom.. 6, 1083 (1972) 

(178) Bognar, R , Makleit, S I  Zoupan. K 

2 7 4 R  A N A L Y T I C A L  CHEMISTRY, VOL. 46, NO. 5, A P R I L  1974 



(197) Bowers, M .  T., Aue, D .  H. ,  Webb, H. M . ,  Harvey, D .  J . ,  Org. Mass Specrrom.. 5,  (275) Burstein, S , Rosenfeld, J . ,  Wittstruck, 
Mclver,  R .  T , J r . ,  ibid.. 93, 4314 (1971).  

(198) Bowers. M T., Laudenslager, J B. ,  J. (241) Brossi. A. ,  Blount. J F.  O'Brien, J . ,  Tei- (276) Buttery, R G. ,  Ling, L C , Lundin. R E 
Chem. Phys., 56, 471 1 (1972) tel, S. ,  J ,  Amer. Chem. SOC., 93, 6248 J. Agr. Food Chem., 21,488 (1973) 

(199) Bowers. M .  T., Su, T , Anicich, V .  G..  (1971) (277) Buttrill, S E , J Chem. Phys , 50. 4125 

1200) Bowes, G .  W.,  Simoneit, 8. R., Burlin- Heuvel, W J A.,  Arch. Biochem. 610- (278) Buttrili, S. E ,  Jr , ibid., 58. 656 (19731. 

1429 (1971) T.. Science. 176, 422 (1972) 

ibid.. 58, 5175 (1973). (242) Brostoff, S. W.. Rosegay, A., Vanden- (1970).  

qarne. A. L ,  DeLappe, B W..  Rise- phys., 148. 156 11972). (279) Cabie, J . ,  MacLeod. J K . ,  Veaar M R , 
brough, R .  W. ,  Enviroh. Health Perspec- 
tives, 5,  191 (1973).  

1201) Bowie, J .  H . ,  Aust J .  Chem., 25, 903 
11972). 

(202) lbid.. 26, 1043 (1973).  
(203) Bowie, J .  H , J. Arner. Chem. SOC., 95, 

(204; Bowie, J H. ,  Gream, G. E ,  Mular. M. ,  

1205) Bowie. J. H., Nussey. B , Org. Mass 

(206) Bowie, J .  H. ,  White, P Y . ,  Aust. J .  
Chem., 25,439 (1972) 

(207) Bowie. J H , White, P Y . ,  Org. Mass 
Spectrom., 6, 135 (1072) 

(208) Bowie, J .  H , White, P. Y Bradshaw, T 
K.,  J. Chem. SOC., Perkin Trans. 2 ,  1966 
(1972) 

(209) Braestrup. C.,  Anal. Biocnem., 55, 420 
(1973).  

(210) Branch, G 8.. Burgess, D V.,  Dunstan, 
P. J.,  Foo, L Y , Green, G H , Mack, J .  
P G . ,  Ritchie, E , Taylor, Pi C., Aust. J .  
Chem.. 25. 2209 (1972) 

(2111 Brandenberger. H , Schnyder D , Frese- 
nius' Z. Anal. Chem.. 261, 297 (19721 

:212) Brandon, C , Gallop P. N , Marmur,  J . .  
Hayashi, H Nakanishi, K . ,  Nature (Lon- 
don),  239, 70 (1  972) .  

(2131 Branton, G. R . .  Pua, C K N. ,  Can. J. 

5795 (1973) 

Aust.  J. Chem., 25, 1107 (1972) 

Spectrom.. 6, 429 (1972).  

Chern 51, 624 (1  97 31 
12141 Braselton W E Orr J C Engel L L 

Anal  Biochem 53. 64 1'973) ~~ 

(2151 Brauman. J .  I , B la r ,  L K , J .  Amer. 
Chem SOC.. 90. 5 6 3 6  (1968) 

1216) 
(217)  
~ 2 1 6 )  
,2191 

(224) 

/b id p 6 5 6 i  
l o id  91, 2126 (1969) 
/b id 92. 5986 (1970) 
/b id 93.3911 11971) , I  

lbid.. p 4315. 
Brauman, J I . ,  Lieder. C. A , White, M 
J ibid. 95, 927 (1973) 
Brauman, J / . .  Riveros, J M. .  Blair, L 
K , i b i d ,  93, 3914 (1971) 
Braz Filho, R , Coutinho Lemos, M.  de 
J . .  Gottiieb. 3. R , Phytochemistry, 12, 
947 (1973) 
Brehrn, B., Eland, J .  H. D , Frey, R , 
Kustler. A , ,  Int. J. Mass Spectrom. lor: 
Phys.. 12, 197 (1973) 
/bid., p 213. 
Brent, D. A , ,  Rouse D .  J . .  Samrnons, M.  
C , Bursev. M .  M , Tetrahedron L e t t ,  
4127 (1973) 

i227) Brewer H B , Fairwell, T., Ronan, R . ,  
Sizemore. G. W..  Arnada, C D. .  Proc. 
Nat. Acad. Sci.. U . S ,  69, 3585 (1972) 

(228) Briggs, J P I  Yamdagni, R , Kebarle, P , 

J .  Amer Chem. Soc..  94, 5128 (1972) 
(229) Brion, C. E ,  Olsen, L A. R . .  lnt .  J .  Mass 

Spectrom. ion Phys., 9. 413 (1972) 
(230) Brochmann-Hanssen, E ,  Leung, A. Y , 

Richter. W J . ,  J .  erg .  Chem., 37, 1881 
(19721 

(237) 

Brodasky T F . .  Argoudelis. A. D , J .  A n -  
tibiot.. 26. 131 (1973) 
Brodskii, E S , Khots, M S., Polyakova, 
A A , Zh. Anal. Khim..  25, 2212 (1970) 
Brooks, C.  J W , Gilbert, M T , Gilbert, 
J D Ana: Chem., 45,696 (1973) 
Brooks, C. J W. ,  Harvey. D. J , Middled- 
itch, B S , J. Org. Chem., 37, 3365 
(1972) 
Brooks, C J .  W.,  Harvey, D .  J , Mid6I.d- 
itch. B S , Vouros. P.,  Org. Mass 'c- 
t i o m .  7, 925 (19731 
Brooks. C. J W ,  Henderson, W , Steel, 
G .  Biochim. B i o p i i y ~  Acta, 296. 43.1 
(1973) 
Brooks, C J .  W , Knights, B A,, Sucrow, 
W , Raduchel, B Steroids, 20, 487 
(1972) 
Brooks. C. J W Middleditch. B S 
Anal Lett.. 5,  611 (1972) 
Brooks, C. J W , Middleditch, B. S., in 

Modern Methods of Steroid Anaivsis," 
E Heftmann, E d ,  Academic Press, New 
vork  fv Y 1973 p 140 

(2401 BrooKs C J W Middleditch B S 

(2431 Brouwer G ,  Jansen J A J Ana' Weils R .i Orq Mass Specfrom 7, 
Chem., 45, 2239 (1973) 

Amer. Chem. SOC.. 94. 8055 419721 

1137 (1973) 

(19721 
(244) Brown, C .  L ,  Gross, K P.,  Onak, T.. J .  (260) Calam, D H , J. Chromatogr.. 70, 146 

(245) Brown, E.  V . ,  Hough,'L. B , Plasz,' A. C , 
Org. MassSpectrom..  7, 1337 (1973) 

(246) Brown. H L ,  Aberth, W. H. ,  Anbar, M . .  
21st Annu. Conf. Mass Spectrom Allied 
Topics, San Francisco, Ca l i f ,  May 1973, 
Paper No. T-1 0. 

(247) Brown, P , Bruschweiler, F. ,  Pettit, G R , 

HeIv. Chim. Acta. 55, 531 (1972) 
(248) Brown, P., Fenselau, C.,  Org. Mass 

Spectrom., 7, 305 (1973).  
(249) Brown. P.. Kamano, Y . .  Pettit. G R . .  - 

/bid., 6, 47 (1972).  
(250) /bid.. p 613. 
(251) Brown, R . .  Jacobs, M .  L . ,  Taylor, H E , 

"A Survey of the Most Recent Applica- 
tions of Spark Source Mass Spectrome- 
try," Amer. Lab.. Nov. 1972 

798 119721 
(252) Brown, W.  F . ,  Fisher, I .  P , Talanta. 19, 

(253) Bruce. M I . ,  in "Mass Spectrometry." 
Vol. 2 .  D H. Williams, Sr Reporter, The 
Chemical Society, Burlington House, 
London, 1973, p 193 

(254) Brufani, M . ,  Ceilai. L . ,  Musu. C , Keller- 
Schierlein, W. ,  Helv. Chim. Acta. 55, 
2329 (1  972) 

(255) Bruins, A. P , Nibbering, N .  M M , de 
Boer, Th J , Tetrahedron Lett.. 1109 
11972). 

(256) Bruner, F , Ciccioli, P. ,  Zelli. S . ,  Ana/ 
Chem., 45, 1002 (1973) 

(257) Bryce. T. A,, Telling, G. M , J .  Agr  Food 
Chem.. 20 .910 119721. 

( 2 5 8 )  Buddenbaum, W.  E.. Daves, G D .  Jr 
21st Annu. Conf Mass Spectrom Allied 
Topics. San Francisco. Cahf.. May 1973. 
Paper No. H-1 

(259) Budzikiewicz, H., Romer. A ,  Taraz. K , 
2. Naturtorsch. 8,  27. 800 (1972) 

(260) Budzikiewicz, H. ,  Rullkotter, J , Heinz. 
E., Z. Nafurforsch. C. 28, 499 (1973) 

(261) Bunker, D L. ,  J. Chem. Phys.. 57. 332 
(1972) 

(262) Burgus, R . ,  Butcher, M . ,  Amoss. M 
Ling, N. ,  Monahan. M , Rivier, J , Fel- 
lows, R . ,  Blackweli, R . ,  Vale, W , Guil- 
lemin, R , Proc. Nat. Acad. Sci. U S . .  69, 
278 ( j 9 7 2 )  

(2631 Burgus. R , Ling. N . ,  Butcher, M Guii- 
lemin. R . ,  / b i d ,  70, 664 (1973) 

(264) Burlingame, A. L. .  in 'Recent Develop- 
ments in Mass SDectrometrv." Proc In-  

(2691 

(270) 

(271) 

(281) Caldwell, J , Dring. L G..  Will iams, R T . 
Biochem. J . ,  129, 11 (1972) 

(282) Callaghan, J 6 . .  Askew, W 6.. Mochel. 
W E ,  2151 Annu. Conf Mass Spectrom. 
Allied Topics, San Francisco. Calif , May 
1973, Paper No H-5 

(283) Caluwe, P., Shimada, K , Szwarc. M , J 
Amer. Chem. Soc.. 95, 1433 (1973) 

(284) Caprioli, R. M . ,  Heron, E J , 8ioch:m 
Biophys. Acta. 296, 321 (1973) 

( 2 6 5 )  Caprioli, R M , Seifert, \V E , ibid.. 297, 
213 (1973) 

(286) Caprioli, R M , Seifert, W E , Suther- 
land, D E , Bfochem Biophys. Res. 
Commun.. 55,  67 (1973) 

(267) Cardnell. P. C , Loudon A G , Mazevgo 
R. .  Russell, I , Webb, K A d v  Mass 
SpeCtrom.. 6, in press 

(266) Carhart, R , Djerassi, C , J Chem. SOC. 
Perkin Trans. 2. 1753 (1973) 

(289) Carrick. A, .  20th Annu Conf Mass 
Spectrom Allied Topics, Dallas, Texas, 
June 1972, Paper No T-1 

Science, 178. 166 11972) 

Sei. C.. 275, 1105 (19721 
(292) Cha i t  E M , Blancard, C , DuPont. E 1 , 

6th Int Conf on Mass Spectrometry, Ed- 
inburgh. Sept 1973 'Pdva ices  in Mass 
Spectrometry." Vol  E ,  A R West, Ed , 

in press. 

Anal. Chem.. 45, 1090 (1573) 

Steroid Biochem.. 3, 741 (1972) 

(290) Cattabeni, F , Koslow. S H , Costa. E 

(291) Cave, A.. Debray. M . Henry. G , Kun- 
esch, G I  POlOtlSKy. J . C R Acad SCI 

(293) Chambaz. E M , Defaye G Madani. C 

(294) Chambaz. E M , Madani, C ,  Ros. A, ,  J 

(295) Chambers. R S . Vesely. M , Bu!i Amer 
Phys Soc 16. 1425 119711 

Tetrahedron 28. 431 119721 
(296) Chan W R Taylor D R Aplir R T 

(297) Chang C Sroka G J Meisels G G 
In1 J Mass Spectrom Ion P h y s  11 
367 119731 

(296) Chang T Okerholm R A Glazko A 
J Anal Let! 5 .  195 (19721 

(299) Chang T T L Kuhlman Ch F SchiII 
inas R T Sisenwine S F Tio C 0 
Riel ius h W Experientia 29, 65; 
(1973) 

(3OCI Ciantry P J J Chem P P y s  57, 316tr 
11973) 

ternat Conf Mass Spectroscopy Kyoto (3011 Chapman J R Bailey E Anal Chern 
1970 ~ 1 0 4  45. 1636 (1973) 
Burlingame. A. L. ,  9th Int Congr Bio- 
chem..  Stockholm, July 1-7, 1973 
Burlingame, A. L., Chang, J .  J , Hollanc'. 
P T , 20th Annu. Conf Mass Spectrom 
Allied Topics, Dallas, Texas, June 1572. 
Paper No 0-7 
Burlingame, A. L. ,  Johanson, G Anal.  
Chem.. 44. 337R (1972) 
Burlingame, A. L , McPherron. R , Olsen. 
R W.,  2151 Annu. Conf. Mass Spectrom 
Allied Topics, San Francisco Calif , May 
1973, Paper No D-3 
Burlingame, A L., McPherron, R , WiI- 
son. D M. ,  Proc. Nat. Acad. Sci. U . S  , 
70, 3419 (1973).  
Burlingame, A L . .  Olsen, R .  W , 
McPherron. R . .  6th lnt. Conf Mass 
Spectrom , Edinburgh. Sept !,973. 'Ad- 
vances in Mass Spectrometry, Vol 6 A 
R West. Ed. in press 
Burlingame. A. L.. Smith, D H . Mer,-en. 
T.  0.. Olsen, R .  W , in "Computers in 
Analytical Chemistry," Plenum Press, 
New York, N Y . .  1969, p 17 
Burnham, A. K . ,  Calder. G V , Fritz J 
S., Junk, G A , ,  Svec, H J , Willis, R , 
Ana:. Chem.. 44, 139 (1972) 
Bursey, J T., Bursey, M M Kingston. 
D . G  I . Chem. Rev.. 73, 191 11973). 
Bursey. M M. ,  Parker. C E Tetrahe- 
dron Lett.. 2211 (1972) 

( 3 0 P  Chapman J R Elder G I Org MdS' 
Soectrom 6, 991 (1972 

(303) Charnock G A Jackson A H J 
Chem Soc Perkin Trans 2 8 5 6  
11972) 

(304) Chen P H Kleinfeiter D C J e r g  
Chem 38. 3015 (1973) 

(305) Chen P H Kuhn W F Kleinfeiter D 
C Miller J M Jr e r g  Mass Spec- 
f rom 6, 785 (19721 

1306) Cheng M Y Chiang b! Gislason E 
A Mahan B d Tsao C W Werner 
A S J Cnem Phys 52, 5516 (19701 

(307) Chesler S N Crarn S P Ana/ 
Chem 45, 1354 (1973) 

(306) Chiltor W S rsou G Phytochemistry 
11, 2653 (1972) 

(309) Chizhov 0 S Foster A B Jarman 
M Westwood J H Carbohyd Res 
22, 37 (1972) 

(310) Chizhov 0 S Lochetkov N K Mal- 
ysheva N N Podel ko A Y d  Dok l  
Chem 197, 259 (1971) (Trans) 

(311) Chizhov 0 S Malysheva N N Ko- 
chetkov N K Carbohyd Res 28, 21 
11973' 

(312) Chizhov 0 S Shamshurina S A 
Zolotarev B M Yanovsltaya L A 
Umirzauov a / z v  Akad Nauk SSR 
Ser Khim 1369 (1973) 

(3131 Cho A D Lindeke B Hodshon B J 

ANALYTICAL CHEMISTRY, VOL. 46, NO. 5, A P R I L  1974 2 7 5 R  



Jenden, D J , Ana/. Chem.. 45, 570 
( 1  973) 

(314) Cho. A K ,  Lindeke, E . ,  Jenden, D , 
Summ. Int. Symp. Mass Spectrom Bio- 
chem. and Med.,  istituto 'Mario Negri ', 
Milan. Italy, May 1973, p 13  

(315)  Chochua. K A ,  Chizhov, 0 S.. Shabar- 
ov, Yu. S , Zh. Org. Khim.. 8. 970 
(1972) 

(316) /bid.. p 1867 
(317) Chong, S L ,  Franklin, J L. ,  J .  Amer 

Chem Soc., 94, 6347 (1  9721. 
(318) /bid., p 6630 
(319) Choy, Y.-M , Dutton. G G S., Can. J .  

Chc?m., 51, 3015, 3021 (1973) 
(320) Choy, Y -M. ,  Dutton. G G.  S . ,  Gibney, K 

6.. Kabir. S. ,  Whyte, J N C.,  J .  Chro- 
matogr.. 72, 1 3  (1972) .  

(321) Christie, W H , Smith, D H. ,  McKnown. 
H. S . ,  Hertel, G R , int .  J. Mass Spec- 
trom. /on Phys., 8. 311 (1972) 

(322) Cimino, G. ,  De  Stefano, S , Minale, L , 

Experientia, 29,  934 (1973) 
(323) Cimino. G.,  De Stefano. S I  Minale, L. ,  

Tetrahedron. 28. 5983 (1972) 
(324) Clark, J . .  Munawar. 2 . .  Timms, A W.,  J .  

Chem. SOC., Perkin Trans 2, 233 
(1972) .  

(325) Clark-Lewis, J .  W Harwood, C N , 
Lacey, M .  J . ,  Shannon, J .  S . ,  Aust. J .  
Chem., 26, 1577 (1973) 

(326) Clayton, R. N , Grossman, L , Mayeda, T 
K..  Soence, 182. 485 (1973)  

(3271 Clegg, J B , Ana/. Chem.. 44, 1100 
(1972) 

(328) Clerc, J. T.. Erni, F , Jost. C , Meili. J , 
Nageli, P.. Schwarzenbach, R . .  Fresenius' 
Z. Anal. Chem.. 264, 192 (1973) 

(329) Clow. R P., Futrell. J H , in:. J Mass 
Spectrom. /onPhys ,  8 ,  119 (1972)  

(330) Clow, R .  P., Futrell. J H , J Amer. 
Chem. SOC., 94 ,3748  (1972) 

(331) Clow, R .  P.. Tiernan, T .  0 .  21st Annu 
Conf. Mass Spectrom. Allied Topics, San 
Francisco, Ca l i f ,  May 1973, Paper No 
E-4 

(332) Colby, E. N . ,  Evans, C. A ,  Jr , Ana/ 
Chem., 45, 1884 (1973) 

(333) Colby. B N. .  Simons. D S . ,  Evans. C 
A , Jr.. 6th Int Conf. on Mass Spectrom- 
etry, Edinburgh, Sept 1973 "Advances 
in Mass Spectrometry." Vol 6.  A. R 
West, Ed.. in press 

(334) Cole, R .  F J , Coxon. J M , Hartshorn, 
M .  P., Little, G .  R , AIM. J .  Chem.. 26, 
1277 119731 

(335) Comissarrow, M , J .  Chem Phys., 55, 
205 (1971) 

(336) Compernoile, F . ,  Vanderhaege. H Jans- 
sen, G., Org. Mass Specfrom.. 6, 151 
(1972) .  

(337) Connolly. J .  S. ,  Linschitz, H , J. Hetero- 
cycl. Chem.. 9,  379 (1972) 

(338) Conzemius, R .  J . .  Rhinehart W A 
Svec, H. J., Talanta. 19. 1147 (19721 

(339) Cooks, R .  G..  Ast, T I  Beynon. J H , in i  
J ,  Mass Spectrom. / o n  Phys.. 11,  490 
(1973) .  

(340) Cooks, R .  G. .  Bertrand, M . ,  Beynon, J 
H , Rennekamp, M E ,  Setser. D. W , J 
Amer. Chem. SOC.. 95, 1732 (1973)  

(341) Cooks, R .  G . ,  Beynon, J H , J Chem. 
SOC.. Chem. Commun.. 1282 (1971) 

(342) Cooks, R. G . ,  Beynon. H H I  Ast T I  J. 
Amer. Chem Soc.. 94. 1004 (1 972) .  

(343) Cooks, R. G. ,  Beynon. H H , Bertrand. 
M.,  Hoffman, M K , Or9. Mass Spec- 
from 7 ,  1303 (1973) 

(344) Cooks, R G Beynon J H Caprioli R 
M , Lester, G. R. .  "Metastable Ions. ' Ei- 
sevier Pub1 Co , Amsterdam-London- 
New York. 1973 

(345) Cooks, R .  G. ,  McDonald. R N . Cranor. 
P. T , Petty, H E , Wolfe,  N L , J .  Org. 
Chem.. 38, 1114 (19731. 

(3461 Coomes. R M , Falck. J R , Wiliiams D 
K..  Stermitz, F R , { b id ,  p 3701 

(347) Cooper, C. D . Compton. R N. .  J. Chem. 
Phys., 59, 3550 (1973) 

(348) Copien, T. B , int .  J Mass Specifom. / o n  
Phys.. 11, 37 (1973) 

(349) Corvai. M . ,  Masclet P . Org. Mass Spec- 
from.. 6, 511 (1972) 

1350) Costa. E ,  Holmstedt E..  Ed.. 'Advances 
in Biochemical Psychopharmacology," 
Vol. 7, Raven Press. New York, N . Y ,  
1973. 

(351) Cotter, J L ,  Org. Mass Spectrom.. 6, 
345 (1972) 

(352) /bid.. p 1071 
(353) /bid.. 7 ,  11 (1973) 
(354) Couch, M W , Williams. C M , Ana/ 

Biochem.. 50, 612 (1972) 
(355) Coucourakis. E D , Gray, C G G , Whi- 

teley, C G. ,  J. Chem Soc Perkin 
Trans. 7 2339 (1972) .  

(356) Grain. P F , McCloskey. J A ,  Lewis, A 
F . .  Schram, K H , Townsend, L E ,  J .  
Heterocyci Chem 10,  843 (1973) 

(357) Cresp, T. M . .  Eiix, J .  A , Kurokawa. S . ,  
Sargent. M V. ,  Aus t  J .  Chem , 25, 2167 
(1972) .  

(358) Crombie. L.. Games, D E., Haskins. N.  
J . .  Reed, G F . ,  J Chem SOC Perkin 
Trans. 1 .  2241, 2248, 2255 (1972) .  

(359) Cronholm. T., Burlingame, A. L , Sjovall, 
J . .  J .  Biol. Chem. submitted for publica- 
tion. 

(360) Cronholm, T.. Makino. I . ,  Sjovali, J , ,  Eur.  
J. Biochem.. 24, 507 (1972) 

(361) Cronin, D .  A.,  Nursten. H E., Woolfe, M .  
L. ,  Int .  J. Mass Spectrom. /on  Phys , 10, 
47 (1972173). 

(362)  Cunningham, A. J , Payzant, J D..  Ke- 
barle, P., J .  Amer Chem Soc , 94,  7627 
(1972) .  

(363)  Curley, A, ,  Burse. V W , Jennings, R .  
W , Villa Nueva, E C , Tomatis, L. ,  Aka- 
zaki, K . ,  Nature (London) ,  242, 338 
(1973) 

(364) Current Contents. Institute for Scientific 
information, 325 Chestnut Street. Phila- 
delphia. Pa. 19106. 

(365) Curtius, H.-C.,  Baerlocher. K , Volimin. J 
A,,  Ciin Chim. Acta. 42, 235 (1972) 

(366) Curtius. H.-C , Vollmin, J A Baerlocher. 
K , ,b id .  37, 277 (1972) .  

(367)  Curtius, H -C.,  Vollmin J A Baerlocher, 
K .Ana / .  Chem.. 45, 1107 (1973) 

(368)  DaGragnano, V. L ,  Hotz, H. P 6th lnt 
Conf. on Mass Spectrometry, Edinburgh. 
Sept. 1973, "Advances in Mass Spec- 
trometry." Vol. 6 ,  A R West, Ed , in 
press. 

(369) Daiiey, J W., Anggard, E.. B i o c h e , ~  
Pharmacol.. 22, 2591 (1973) 

(370) d'Alcontres, G. S..  Cur ,  G. ,  Uccella, N , 

Org MassSpect rom.  7, 1173 (1973) .  
(371) Dale, A. J . ,  Weringa. W D , Williams, D 

H , Org. Mass Spectrom , 6. 501 (1972) 
(372)  Daly, N R.. McCormick. A ,  Poweli, R. 

E.. Hayes, R . .  Int .  J .  Mass Spectrom. 
ion Phys , 11 ,  255 (1973). 

(373) Damico. J .  N . .  in "Biochemical Applica- 
tions in Mass Spectrometry." G. R Wal- 
ler. Ed.. Wiley-Interscience, New York, 
N Y..  1972, p 623. 

(374) Danby. C J . ,  Eland, J. H. D , Int  J 
Mass  Specfrom. ion Phys 8. 153 
(1972) .  

(375)  Danks, A .  V I  Hodges. R., A'ust J 
Chem.. 25, 2721 (1972) 

(376) Das. E. C , Defaye J , Uchida, K , Car- 
bohyd. Res..  22, 293 (1972) 

(377) Das. K .  G. ,  Gogte. V .  N , Seetha M. .  
Tilak, E. D. ,  Indian J Chem 10, 924 
(1972) .  

Org MassSpect rom.  7 ,  1419 (1973) 

J Chem.. 10 ,  277 (1972) 

Mass Spectrom , 7 ,  619 (19731 

(378) Das, K .  G..  Kulkarni, P. S , Roy S K 

(379) Das, K .  G . .  Madhusudanan. K P . Indian 

(380) Das. K G , Madhusudanan, K P I  Org. 

(381) Das. K G.,  Thayumanavan, E..  i b id .  6 ,  
1063 (1972) 

(382) Davidson R A Skeil P S J Amer  
Chem Soc 95. 6843 11973) 

(383) Dawson R M Giliis R G Org Mass 
Specfrom 6 1003 (1972) 

(384) Day R A Falter H Lehman J P 
Hamiiton R E J Ofg Chem 38 782 
(1973) 

(385) Degelaen J Burton Th lnd Chim 
Beig 37, 429 (1972) 

(386) Degen P H DoAmaral J R Barchas 
J D Anal Biochem 45, 634 (1972) 

(387) Dehenn n L Reiffsteck A Scholler R 
J Chrornatogr Sc! 10. 224 (1972) 

(388) Dehennin L Scholler R Tetrahedron 

(389) DeJongh D C Hills E B Hribar J 
29, 1591 (1973) 

D Hanessian S Chang T fb fd  p 
3707 - _  

(390) Dekkers A W J D Nibbering N M 

M. ,  Speckamp, W. N ,  /b id .  28,  1829 
(1972) 

(391) Delfino. A B , Buchs, A , Heiv Chim 
Acta. 55 ,  2017 (1972) 

(392) Delle Monache. F , Marini-Bettolo, G. B , 
Goncalves de Lima, 0 , D Albuquerque, 
I L , de Barros Coelho, J S . .  Gazz 
Chim / f a / .  102, 317 (1972) 

(393) Delle Monache, F . ,  De Mello. J F , Mar- 
ini-Bettolo. G B Goncalves de Lima, 
0 , D'Albuquerque, i L , ibid . p 636 

(394) DeLuca, P , de Rosa, M. .  Minaie, L , So- 
dono. G , J Chem Soc Perkin Trans l 
2132 (1972) 

(395) Demayo, A ,  Comba. M. ,  Bull Envi ron 
Contam Toxicoi. 8 ,  212 (1972) 

(396) Dencker. W D . ,  Rushneck. D R ,  Shoe- 
make, G. R ,  Anal Chem.. 44. 1753 
(1972) .  

(397) Denton. M D. ,  Glazer, H .  S I  Zeilner. D 
C., Smith, F G.. Ciin Chem.. 19,  904 
(1973) 

(398) Depaz. M , Leventhal. J .  J . .  Friedman. 
L., J. Chem Phys . 51, 3748 (1969) 

(399) de Reinach-Hirtzbach F , Ourisson. G , 
Tetrahedron 28, 2259 (1972) 

(400) Derrick. P. J . .  Comment on paper by Ab- 
erth. W .  H . ,  Spridt C A , Scolnick. M .  
E . ,  Sperry. R R . .  Anbar. M , 6th Int. 
COnf on Mass Spectrometry Edinburgh, 
Sept.. 1973, "Advances in Mass Spec- 
trometry, Vol 6,  A. R West, Ed.. in 
press 

(401) Derr ick,  P J , in ' Mass Spectrometry," A 
Maccoll. Ed.. Butterworth s. London and 
University Park Press, Baltimore, to be 
publtshed in 1974 

(402) Derrick, P. J , Asbrink L , Edavist. 0.. 
Jonsson, B -0. .  Lindholrn. E ,  int  J 
Mass Spectrom / o n  Phys 6, 161 
(1971 j 

(403) / b i d .  p 177 
(404)  / b i d .  p 191 
(405)  / b i d .  p 203 
(406)  Derrick, P. J , Burlingame, A. L. ,  Ac- 

counts Chem Res.. in press. 
(407) Derrick, P J , Falick. A M , Buriingame, 

A. L. .  20th Annu Conf Mass Spectrom 
Allied Topics. Dailas Texas. June 1972, 
Paper No H-4. 

(408) Derrick, P J , Falick, A .  M . ,  Buriingame, 
A L. ,  J Amer Chem SOC 94 ,  6794 

(409) /bid.. 95,  437 (19731 
(410) Derrick, P J . .  Falick A M , Burlingame, 

A L , 21st Annu Conf Mass Spectrom. 
Allied Topics, San Francisco, Calif., May 
1973, Paper No H-3 

(411)  Derrick. P. J , Falick, A M . .  Burlingame, 
A L , 6th int Conf on Mass Spectrome- 
try, Edinburgh, Sept 1973. "Advances in 
Mass Spectrometry, ' Vol 6 ,  A R West, 
Ed., in press 

(412) Derrick, P J , Falick. A M . Burlingame, 
A L ,  J Amer Chem Soc.. submitted 
for publication 

(413) Derrick, P. J , Falick, A. M , Burlingame, 
A L , J. Chem. Soc.. Perkin Trans 2, 
submitted for publication. 

(414)  Derrick, P J , Falick. A. M . ,  Burlingame, 
A. L . Bull. Chem. Soc. Jap.. submitted 

(1972) 

for publication. 
(415) Derrick P. J . ,  Falick, A M , Burlingame, 

A L. ,  J Amer Chem S o c .  96,  615 
119741 

(416) Derrick, P J , Falick, A M . Burlingame, 
A. L ,  Djerassi, C D ,  J Amer Chem 
Soc.. in press 

(417) Derrick, P J . ,  Falick, A M., Lewis. S.. 
Burlingame, A L.. Org. Mass Spectrom 
7, 887 (1973) 

(418) Derrick, P. J . ,  Robertson, A J. 6 , Proc 
Roy. Soc . Ser A .  324, 491 (19711 

(419) Derrick, P. J , Robertson, A J B.. i n t  J 
Mass Spectrom ion Phvs. 10. 315 
(1972 1973) 

(19711 
(420) Derrick P J Szabo I ibid 7 ,  71 

(421) Desgres J Begue R J Curia G Pa 
dieu P Summ Int Symp Mass Spec- 
trom Biochem and Med lstituto Mario 
Negri Milan Italy May 173 p 17 

(422)  Desiderio D in Mass Spectrometry 
Techniques and Applications G W A 
Milne Ed Wilev-lnterscience New 
York. N Y , 1971, p i 1  

(423) Devienne, F M , Entropfe. 104 (1971) 

2 7 6 R  A N A L Y T I C A L  CHEMISTRY, VOL 46, NO.  5, A P R I L  1974 



(424) Dewhursl. J E.,  Karninski, <I J . .  Supple. 
J H , J ,  Heterocyci  Chem 9.  507 
(1972) 

(425) de Zeeuw. R .  A,. L ree .  1. 3 , Breimer. 
D D , van Ginnener.  C A M , Ecperren- 
! ! a  2s. 260 11973). 

(426) de ZeeiJw. R A ,  Vvijsbeek Li Sreimer. 
D C ' i ree,  T a ,  van Ginneken, C A. 
;vl , /an i-(ossurn. ~ M Sc8ence.  175. 

(4271 Elas ., P , 3jlerzssi. C . Or?. Mass 

(4281 {bid 7, 753 (19731 
!4291 Dias. J R Sheikh V M , Djerassi, c 

J /?mer C l e m  Soc 94,  473 (1972) 
!430) Gickinson R .  , Will ams, D H . J 

'.;neryi Soc >er i rn Trans 2 1362 

(431) DiDcmenico. A . F,.anklin. J L . i n t  i 
Mass Scectrcm ion Phvs 9,  171 
11972) 

(432) DiDcmenicc.  A , Franklin. J .  L d' Chem. 
P h y s  56, 5299 (19721 

'433) Dil lard. J <i , Crlem 9 e v .  73.  589 

(4341 Dimmei.  i) R , Seioenbusch, J M . ,  .j 
?mer i h e m  SOC.. !34. 6211 (19721 

;435) Di Salie. E. .  Saker, K Id., Bareggi, S.  
R . .  'Watkins W D , Chidsey, C A , Frig- 
erio. 4 Vorsell i. F'. L .  ,I Chrornaicgr.. 
84.  347 11973) 

:436) Donnellv. 0 M. X . Keenan. P J , Pren- 
oergast. 2 P . Phyiochemistrv 12.  1157 
t19731. 

:437) Donneilv. D. M.  I... Thompson. J C , 

Whailey. 'a 3 . Saboor Ahmad. J Chem 

i l  16 i1972) .  
~ 4 3 9 1  Dougherty. R C bal ton.  J . .  Biros. F J . .  

9 r g  .Mass Soec'fon7.. 6 ,  1171 (1972) 
(440) Dougherty. R .  C , bornton, D , Philips. K .  

3 Wander D . i l ~ d  7 .  805 11973) 
(4411 r:ougherty 8 C Tannenbaum. H P 

qoberts. J D , 21st Aniiu Conf Mass 
oeztrom Allied Topics, San Francisco 

i A i t  Mav 7973. Paper No. M-3 
14421 Doirgherty R C , 'Weisenberger C R , 

1 4??er Shem. Soc 9 0 ,  6570 11968) 
(4431 Srai ian.  S ti Clare. R A,.  Goodwin. 6. 

L , Ruthven. C.  ii ,! , Sandler M , 6th 
,nt  Cont on Mass Spec:trometr!i, Edin- 
Lrurgh, Seot 1973 "Advances ,n  Mass 
:Spectrometry, ' V o :  6 .  R West Ed 
i press 

(444) Draffan G H , Clare, R A . ,  Williams. F 
M , J .  Chrornarogr.. 75. 45 (1973) 

(445) Drawerl .  L . --ressl. FI.. Staudt. G , 
Xoppler, i i  , Z N6turforsch C 28. 488 
'1973)  

1446: Drewerv. C J . Goode, G C.. Jennings. 
K R in Mass Spectrometry." A Mac-  
coil Ed , MTP Int Rev !SCI. Series One. 
'Jol 5. Butterworth s. London. University 
?ark Press. Baltimore. 1972. p 183 

(447 i  Dunbar R C.. J /mer  Zhem Soc 93,  
4354 11971). 

(448\ / b i d .  95. 472 I19731 

i 7 8  119721 

.;pec'rom 6. 385 (19721 

,19721 

,19731 

ergaard. P , J Pharm Sci , 62. 146 
(19731 

(464) Ebersole. R C ,  Sodtfredsen. W. 3 
$angedal, S.  Caspi. E d Amer Chem 
SOC 95, 8133 (1973) 

1,465) Edwards, R L Gill M , I Chenl soc  
,Perkin Trans 7 1921 119731 

(4661 Egge. ri . Murawski. il . Ryhage. R ,  
Syorqy.  ? , Chatranon. 'N , Lit l iken. 
C n e v  Phys irpias. 8. 4 2  (1972) 

(4671 Egger, K W , Cocks. P i de!'/ C h i p  
Acta.  56, 1116 !19731 

'4681 ! b r d ,  D 1537 
'469) Egli. H., Huber. W K , Selhoier H 

Vogelsang. H , 6th Int Conf on Mass 
Spectrometry, Edinburgh Sept. 1973. 
"Advances in Mass Spectrometry. ' do l  
6 ,  A R West Ed.. in press 

1470) Einolf. N . Munson. E l  In! i M a s s  
Spec!rom ion Phvs. 9. 141 i1972) 

1471 I Einolf. N , Fenselau, C . 20th Annu. Conf 
Mass Spectrom. Allied Topics. Dailas, 
Texas June 1972, Pape: No E-2 

(475) Einolf, N , Munson. B , Org. Mass S m c -  
From, 7 ,  155 (1973) 

(4731 Eland, J H D , Int J Mass Suecirom 
ion PhyS.. 8, 143 (1972) 

(474) Elkin K , Pierrou L , Ahlborg C, G , 
Holmsteat. 6 , L indgre l ,  J -E  , J .  Chro- 
matoor 81, 47 (19731 

(475) Ellestad. G A ,  Mirando, P , Kunstmann, 
M.  P , .J Org Chem 38. 4204 119731 

(476) Elkin. Y u  N , Rozinov. P V 3zizenko. 
A K , Kh/m Prrr. Soeairi . 642 (1972) 

(4771 Ellis, S , Fairwell, T , Lovins Fi E , Bfo- 
chern. Sioohys Res Ct,rnmiir: 49. :407 
(1972) 

(478) Elstner. E. F , Carnes. i) M. ,  Suhadol- 
qik. R J , Kreishman G P . Schweizer 
M .  P Robins. R K Eiocnemfsfry 12. 
1992 (1973) 

(479) Ende, U . Spiteller. G Tetrahedron 29. 
2457 119731 

1480) Eneroth. P Ferngren H . Gustafsson. 
J -A , .  Ivemark,  B , Slenberg. A Acta 
L'ndOcririG, (Copenhageni, 70. 7 13 
819721 

(4811 Engel. L L Orr J.  C . In "Biochemicai 
.Aoplications of Mass :Spectrometry.' :< 
3 .  Wsller, Ed , Wiley- nterscience Vew 
' fo rk .  N Y 1972, p 537 

14821 Erdman. T R , rhomsctn R H Temr!e- 
J'ron. 28. 5163 (1972) 

(4831 Eriksson, li Gustafsson. J - A  Slovall. 
j , Sjovall. K , Sterojds i!;JldS Res 3, 30 
!1477\ _ _  

1484) Esders T W Light R J J i b i d  R P S  

14851 Eskew J 21st Pnnu Conf %lass 
13 663 (1972) 

Spectrom Allied Topics San Francisco 
Calif May '973 Paper No S-1' 

(4861 Esselman. W J , Ackermann. J R 
Sweeley. C C , J i3ioi Chem 248. 
7310 11973i . .  

(4871 Evans 5 Graham R 6th in1 Conf on 
Mass Soectrometrv td inburah Seot 

(4491 !b id p 6 1 9 1  
(4501 Dunbar H C Fu E W rbrd p2716  
14511 Dunbar R C Kramer J M J Chem 

Phiis 58 1266 119731 

(488) 

(489) 

14521 Dunoar R C Shen J Melby E Olah (490) 
G A J Amer C'5eni Soc 95,  7200 

Iq7'7I (4911 - -  
(4531 Dunbar R C Shen ~l Olah G A 

4541 Dunbar q C Shen J Olah G A J 
bJd 94, 6862 (1972) 

(460) Eadon G J Amer  Chem SOC 94,  

(4611 Eadon G Org Mdss Soectrom 7. 1345 
8938 (1972) 

119731 
(462) Eadon, G., Popov. S , Djerassi, C . .  J 

Amer Chem. SOC , 9 4 . 4 8 2  (1972) 
(4631 Ebbighausen. W 0 R , Mowat. J . ,  Vest- 

(492) 

(493) 

(494) 

C k m  P' lys 56, 3794 (19721 
(4551 Duvn W G t-ooper J B Anal 

Chem 45. 216 (1973) 
(4561 Durup 21st Annu Conf Mass Spec- 

trom Allied Topics San Francisco 
Calif May 1973 Paper No F-1 

(457) Gzidic J Amer Chem SOC 94, 
8333 (19721 (495) 

(458) Dzidic Kebarle P I Phys Chem 

(459) Dzidic I McCloskey J A Org Mass 
74, 1466 (1970) 

S iec f rom 6. 939 119721 

7973. 'Advances in Mass Specrrometry 
Vol. 6.  A R West Ed.. in press 
Evans S A , Jr .  rlendricks. C D. .  Rev.  
Scr. i ns ! rum 43. 1527 11972). 
Fairwell. .r , Ellis S , Lovins. R E , Ana l  
Piochem 53,  115 (19731 
Fales, H M Milne, G W A ,  Nicholson, 
R S . , A n a i  Chem. 43, 1785 (19771 
Falick. A M , Derrick. P J Burlingame. 
A L..  I n ! .  J Mass Soscfrom / o n  Phys 
12, 101 (1973) .  
Falkner F C Frolich, J , Watson J. T 
Org Mass Soectrom :7, 141 (1973) 
Faraday Discussions of  the Chemical So- 
ciety, London. 1972, hlo 54. ' The photo- 
electron spectroscopy of molecules." 
Farbman, S .  Reed. R .  I , Robertson, D. 
H.. Silva, M .  E F , i n t  J Mass Spec- 
trom ion Phys 12. 123 (1973) 
Felty, W. L Jurs P C , Anal Chem.. 
45. 885 (1  973) 

(496) Fentiman, A F Foltz R L Kinzer G 
W. ,  ibid. p 580 

(497) Ferguson, E. E ,  in "Ion Molecule Reac- 
tions," J L. Franklin, Ed , Plenum Press, 
New York. N Y , 1972. Vol. 2. p 363 

(498) Ferguson. K A Conner. R .  L Mallory, 
F.  B , Mallory. C W , Biochim Biophys 
Acra. 270, 111 (19721 

(499) Fernlund, P , Josefsson. L , Scrence. 
177, 173 (1972) .  

1500) Ferrer-Correia. A Jennings. K R . ,  
,'i! J bdass Spectrom ron 2h i .s .  11, 
111 119731 

(501) Fettermar> ? S Turner. C E. ,  J 
Fnarrii i'cr 61,  1476 (1972'' 

,502) Fieoier 3 !"roksch. G :nal Chrr 

r 4 ,  , -\mer ChPm "cc 91. 
60. 277 n19721 

1827 (1969,  
i504) 1016 ~ 6 3 3 4  
1505) Fielcl, F ii n "Mass Specrrometry. ' P 

Vaccc l l  Ed MTP Int Rev SCI. Series 
One, ' io i  5 .  Butterworth s Lopdon. ani- 
versity Park press, 3altimore. '972. 3 
: 33 

15061 Field. F i-l Franklin J L , Electron 
,mpact Phenomena and :P,e ProDer!ies oi 
Gaseoss ons. Academic press. New 
vo rk .  N Y 1957 

(507) Fielos. E 4 , Ueyerson S i O r ~ l  

Cherri 37. 3861 11972) 
(508) Findlay. U. A ,  (wan. D , Can CKem 

51. 3299 119731 
1509) Finkle, B C Taylor i; id 2onell i. E: 

J ,I Cbromafcgr Sc' :0. j 1 2  "972; 
fC10) Finney. C 0 . Yarrison A G , i r l t  

Mass <qec:wm 'or: ? ? i s  9, 221 
(1972) 

i511) Finnigan qoectra ':CI :: NLinDer 3 
:973. Finn!gan Corpora!Nri 3Jnnyval(?. 
Calif 94086 

1512! Firestone 3 Qess. .I . g r o w l  Y 1. 

Sarron R D , 3amico .  ,: N J 4s.: 
3ff ic.  i n a t  C,he.r! 55. 85 19721 

(5131 Flesch i; 3 Svec. d J in! J Ma:,s 

D , Svec. 4 Zner i  
on i 'hys 9,  106 i l Y i 2 )  

oi?y Frans 2 69, 1187 11973) 
i ,oydia 34. 344 ! 79721 
'entiman A F . Jr Mitscli- 

Showalter H 3 ri , J Cher. 

32 ,:9711 
(5181 Forin. M C , Maurne. 3 .3arcn. C . C I? 

Aceid. Sci. Ser D. 274. 13'3 119721 
,510) -orst W Theorv of  Unimolecul3r 

3eactions Academic Press 'Jew ' 0  K 
.dna London 1973 

, 5 2 0 )  Forst. '\V , Prasil, 2 , J Chem. Snys 5 i .  

'521\ 'b id 53. 3065 11970) 
io06 1 i 969) 

15221 Forster ri J , Biernann. i( i a i g h .  'vV 
I;.. Tattrie N r i  , Colvin. \, ii , ,?locherr 
2 135. I33  (19731 

Schnoes. d 5focnernrs:r;i. ! 1, 22;71 
,5231 Foss. 0 S , Sih C 4 . Takeguchi C; 

,1972i  
524 )  Foster W S Beauchamp J 

A r p r  Chem Soc 94 ,2415 19721 
(525) Francis G W Acta Cnerr S c a r 0  2 6  

(526)  Franklin J L Sen Shar-na 3 K J 
Chem P h j s  58 409 (19731 

,5271 Franklin L Ed Ion-MolecJle Reac- 
tions Vcl I and I I  Plenum Press f lew 
York N Y 1972 

1528) Franzen il HiIlig H 6th lnt Conf 3n 
Mass Spectrometry Edinourgh Sept 
1973 Advances in Mass Specrrometry 
Vol 6 A R West Ed in press 

(529) Freiser 13 S McMahor  T B Beau- 
champ J L int J Mass Soecrrom i s n  
Phys 1 2 ,  249 (19731 

Chem 44 659 (1972) 

Schweinler H C int  J Wass Spec- 
' rom Ion Phys 12 19 119731 

Lindholm E ibid 8 85 (19721 

443 11972) 

(530) Frew '\i W senhour Ana  

(5311 Frey W F Compton R N Naff W T 

(532) Fridh C Asbrink L Johnsson B -0 

(533) /b id p 101 
534) ibid 9 485 119721 

(535) Friedman L J Chem P h / s  53, 2130 

(536) Friedman L Reuben B G Advdn 

(5371 Frigerio A Belvedere G de Nadai F 

(1970) 

Chem Fhvs 19 33 (1971) 

Fanelli R Pantarotto C Riva E Mor- 
selli P L J Chromstogr 74 201 
(1972) 

(538) Frigerio A Fanelli R Danieli 8 
Chem ind (London) 769 119721 

(539) Frigerio A Martelli ? Baker Y M 
Biondi P A J Chromatogr 81 139 
(1973) 

A N A L Y T I C A L  C H E M I S T R Y ,  V O L .  46,  NO. 5, A P R I L  1974 277 R 



(542) 

(5431 

(544) 

(545)  

(550) 

(5561 

(557) 

(558) 

(5591 

(560) 

(561 I 

(562) 

(5631 

(5941 
(5651 

Frisch, M A,. Reuter. W.,  Anal  Chem 
45, 1889 (1973). 
Fujita. E., Nagao. Y . ,  Nakano, S., Mas- 
ada, Y . ,  Inoue, T., Hashimoto. K . .  Yaku- 
gaku Zasshi. 92,  1400 (1972). 
Fujita, E , Saeki, Y , J Chem Soc , Per- 
k in Trans.  7 .  301 (1973) 
Fukasawa. K , Goto M , Sasaki, K , Hir- 
ata, Y. .  Sato, S.. Tetrahedron. 28, 5359 
(1972) 
Fukui. K , Fujita, I . ,  Kuwata. K . ,  Bu!/  
Chem. Soc. Jap.. 45, 2278 (1972) 
Fuller. N .  !,., Wu, M.-C.. Wilkinson. R 
G. ,  Heath, E C., J Bioi Chem.. 248, 
7938 (1973).  
Fullerton, D .  C . ,  Moran. T F . ,  Int. J .  
Mass Ssecfrom ion Phys.. 9,  15 (1972) 
Furukawa. H..  Ueda. F. .  l to,  M . ,  Ito, K , 
Ishii. H , Haginiwa, J . ,  Yakugaku Zasshf. 
92, 150 (1972) .  
Futrell, J. H , J Chem Phys , 59, 4061 
( 1  973) 
Futrell. J H..  Technical Report, Air Force 
Materials Laboratory, TR-73-63. March 
1973 
Futrell. J. H. .  Abramson, F P., in 'Ion 
Molecule Reactions in the Gas Phase 
Advances in Chemistry.' Series No 58, 
P Ausloos. E d ,  American Chemical So- 
ciety. Washington, D C , 1966, p 107 
Futrell. J .  H , Tiernan, T. 0.. in "Ion-Mol- 
ecule Reactions.' J L Franklin, Ed , 

Vol  2. Plenum Press. New York, N.Y , 
1972, p 485 
Galliard, T Phillips, D R , Frost, D .  J . ,  
Cnern. Phys Lipids. 11, 173 (1973).  
Games D .  E ,  Tetrahedron Lett 3187 
(1972).  
Games, D E , Jackson. A H Millington. 
D S. ibid. 3063 (19731 
Games. D E . ,  Jackson. A ki . Millington, 
D S., Staddon, B W , 6th i l l  Conf. on 
Mass Spectrometry, Edinburgh. Sept 
1973. "Advances in Mass Spectrometry ' 

Vol. 6. A R .  West. Ed , in press 
Garner, R.  C .  FEBS Le t ' .  36, 261 
(1  973) 
Garssen, G J , Vliegenthart. J F G 
Boldingh, J , Biochem J .  130. 435 
;19721. 
Gas-Chrom Newslet! May.June 1973 
Applieu Science Laboratories. State Gol- 
lege, Pa. 
Gaskell. S J . .  Eglinton G. ,  a r u m  7 
Phytachomistry 12, 1174 (1973i  
Gastarnbide-Odier. M Org Mass SFec- 
f rom . 7 ,  845 (19731 
Gelbart W M Rice. S A , Freed. K F 
L/ Chem. Phys ,  52. 5718 (1970! 
Ge!ler: E . Summons, P, E , AUS! yl 
Cherr . 26,  1835 '1973) 
General Electric MARK 1 1 :  Computer 
Service Ma'ss Spectral Search System 
IMSSSi. General Electric Company, 
Schenectady. N V .  1973 
Genty, C , Ana.' Chem 45. 505 (19731 
Geochimica e' Cosno-hirni-a Acta Per- 
j a m o r  Press Oxford-New York-Braun 
schweig 

(566)  Gerber PY Seiber; R A Tnornpsot- R 
M Res COmmUn Cherr Path P h a r 7 7 d -  
CO 6, 499 11973) 

(567) Germar A - Horning E C Ana 

,568, German A L horning E C J 2 . ~  

(5691 Ghazarian G Schnoes H K Dei,  

5 ,  619 11972) 

matog' Sei 11, 76 (19731 

ca r E Biochemistri. 12 2555 
(1973, 

(570) Ghisalberti E - Jefferies P H Seftor 
M A Pbvtochemrstry 12  1125 11973) 

(571 Gilbert W C Taylor L - Dillard J 
3 I Ame ;hem S g c  95, 2477 

pro: Rob S i c  Se- E 180 223 
'1972) 

Stewar' D V i  Ana  Cherr 44 1484 

119'3) 
(5721 Goad L d Rubinstein Smitr A G 

,5:31 3ohlke R b Happ G P Male. 3 P 

r1972i 
(574) Goidberg V D , Yarris. M M., J "hen; 

!575) Gomer, R . .  Accoun ts  Cnem Res.. 5.  41 
perkin T r a n s .  2 1333 (1973, 

(1972: 
(576) Sompertz. C Draffan G. k . 3 f n  C h i p  

!577'i /Sic '  40. 5 '1972' 
Acia 37, 405 ( '972 

(578) 

1587) 

(588) 

(589) 

1590) 

(591 1 

(594) 

(595) 

(596) 

1597) 

(598) 

f 599 i 

1500i 

( 6 0 ' )  

16021 

'5031 

(6048 

(6051 

16061 
(607) 

(6081 

'609, 

(6101 

(61 11 

,612 

Gorden R Jr Sieck L W J Res 
Nat Bur Stand Sect A 76,  655 
(1972) 
Gordon A E Frigerio A J Chroma- 
togr 73, 401 (1972) 
Gordon S G Smith K Rabinowitz J 
L Vagelos P R J Lipid Res 14, 
495 (1973) 
Gough T A Web0 K S J CProma- 
togr 79, 57 (1973) 
Gounelle Y Pechine J -M Solgadi D 
Org Mass Specfrom 7 ,  1287 (1973) 
Govind Rao M K Perkins E G J Agr  
FoodChern 20, 240 (1972) 
Granstrom E Eur J Biochem 25, 581 
(1972) 
/bid 27,  462 (1972) 
Granstrorn E Sarnbelsson B J Amer 
Chem Soc 94, 4380 (1972) 
Grant P K Liau Y T L Nicholls M 
J Aus t  J Chem 26, 1815 (1973) 
Gray C M Papanastassiou D A 
Wasserburq G J !carus 20, 213 
41973) 
Gray M F Laurie T D V Brooks C 
J W Lipids 6 836 (1971) 
Gravson M A 5ellina J J Ana /  
Chem 45 487 (1973) 
Grayson M A Levy R L Wolf C J 
20th Annu Conf Mass Spectrom Allied 
Topics Dallas Texas June 1972 Paper 
No M-1 
Graysor M A Levy R L Wolf C J 
Ana Chem 45, 373 (1973) 
Green K Granstrom E Sarnuelsson B 
Axen U Anal Biochem 54 434 

Green M M Roy R B J A v e r  
Chem Soc 92, 6368 119701 
Griff in G W Dzidic E Carroll R N 
Stillwell S N Porning E C Ana 
Chem 45 1204 11973) 
Grimshaw J Lamer Zarawska E P 4 ) -  
tochemistry 11 3273 (19721 
Grirnsrud E P Kebarle P J Amer 
Chem Soc 95 7939 (1973) 
Grob K Jaegg H Ana  Cherr 45 
1788 (1973) 

(19731 

Gross, M L J Amer Chem S o r .  94, 
3744 (1972) 
Gross. M C , Org Mass  Spectrom.. 6, 
287 (19721 

(636) 

46371 

Oross N L Aerni P J J 4rner 
Chem Soc 95 7875 '1973) 
Gross M L i r  P -H Org Mass 
S,3ectro", 7 795 (1973 
Gross LA -in P -P Franklin S J 
Ana/  ? h e r  44 974 1'9721 
Gross M L McLaffertv F W J Arne, 
Chem Soc 93 1267 11971 
Grotcb S L 20tp AnnL Conf Mass 
Spectrom Allied -03ics Dailas Texas 
June 1972 Paper Fuo R-4 
Grotch S L Ana Ci-eir 45 2 (3973) 
Grove r r' C h e r  Soc Periirn 
Trans  ' 2400 19721 
Grutzmacher h -F Fechner K -H Org C 4c.a ,^hen- C- 26 2205 

11 9 7 2 )  Mass SUec'rom 7 573 ( 1  973) 

Guengerlcb ' I M a r i  Bra- 550) Clayashi A Ma'sboara Summ In' 
Symp Mass Spectrorr Biochen an0 quis' t- P Awe-  Cfierr SaL 95. 

Med Isti'uto Mario Near Mi ta r  l ta l i  2355 \ 1 q73 I -  

Mav 1973 p 28 Gunstone - - Jasobsberc F R 
Chem Phys i i .~f ls 9 26 ,1972) 
Gustafssor J - P  Enerot'l D Fr3c  46511 Hayash Y hakansn  i Brandor C 
R o )  Soc Sei  B 180 179 ,1972 Marmu, J A T - -  Cnen ao: 95 
claas J P Sursey M M K igs'or D 8'49 '973 
G 1 TannenbaLm H p J APui.1 \652)  Hecht S M McDonala Ana 6i- 
Sher- Soc 94. 5095 (1972, i t ' Q r r  47 ' 5 7  147: 

~ 

Halperin. G..  Muller, A . ,  Finkelstein, M . ,  
Steroids. 22, 581 (1973).  
Harnberg, M . Ana /  Biochem.  55, 368 
(19731. 

(6131 Habfas K 6'i- nt Coni  Mass Spec 
trom EdinbLrgti Set!' 1973 Advance. 
in Mass Spectroqetrk Vo 6 A R 
West Ea in press 

,614) habfast K Maure- K k Hoff-nann 
0 20th AnnL Con' Mass Spectrom A 
lied Topics Dallas Texas June 1972 
3aper ho T-3  

,6151 Haddon F Lunens H C ElsKen R 
b A n a  .,her 45 682 1973 

16161 tiaga h imanar - amura Z Mo- 
rnose A CheF P'larrr 6J'  20 1805 
119721 

1617) Hagenfeldt L Haqenfeldt ti Cf r 

6181 +ai S S Faulkner 3 J 'ayos 
birr Acta 42. 219 ,1972, 

3iar3) ,J Arne ,  ;her $2: 95, 
'-187 1973) 

16481 

16491 

Hamberg M Sarnuelsson B J BIOI 
Chem 247, 3495 (1972) 
Harnrnarstrorn S Sarnuelsson B ibfd 
p 1001 
Hammerschmidt F J Spiteller G Tet- 
rdhedrcn 29 2465 (1973) 
Pammerurn S J Chern Soc Perkn  
T-ans 2 854 (1973) 
Hammerum S Djerassi C J Amer 
Chem SOC 95 5806 (1973) 
Hammerum S Tomer Y B 0-g Mass 
SDectrom 6, 1369 11972) 
Hammerum S Wolkof' P J Org 
Chem 37, 3965 (19721 
Famming M C Foster Fu G Inter- 
pretation of Mass Spectra of Organlc 
Compounds Academic Press blew 
York N Y 1972 
Hamrnond R K Sweelek C C J Bio 
Chem 248, 632 (1973) 
Harnmond M W Alexander M E?vJ -  
ron Scr Techno/ 6 732 (19721 
Haney M A Franklin J L J Chem 
Phys 48 4093 (19681 
Haney M A Franklip J L T r a i s  F a r  
ada) Soc 65 1794 (19691 
Harkness A L l n f  J Mass S o e c m l r  
!on Ph/s 10 267 119721 
Harland P W Cradock S Thynne J 
C J i b d  p169  
Harland P W FranKlin J L 21st  
Annu Con1 Mass Spectrom All ed -op 
ics San Francisco Cali' May 1573 
Paper No E-1 
Harland P W Franklin J Carter D 
E J Cher?. P h y s  58. 1430 (19731 
Harland P W TPynne C J / n  

Mass S iec t rom 1ar Ph  s 9 253 
(19721 
/bid 10, 11 (1972 731 
i9id 11 445 (1973) 
Harrison A G ir Topics in Organic 
Mass Spectrometry A L 5urli i igame 
Ed Wiley-lnterscience Yew York N 'r 
1970 p121  
Harrison A G Blair A S int  J M ~ S S  
Soecrrom / o n  P i . 4 ~  12. 175 (19731 
Harrison A G hag)  G P Ci- n M S 
Herod A A 15fc 9 287 (19721 
Harvev D J Horning h." G J Zhro 
matog. 76 5 '  1'9'31 
/bid 79 65 11973 
hasegawa K S u z u ~  T ~ ~ 3 r d ~  8 631 
(1973) 
Hasselmann C Kirmse h ^ h e r  
S-' 105. 859 119721 
Hasteo J 6 ir S o r m  Nui.wer Physica 
Methods ir S'ru-tJrdi Zhemistrv R 
Bonnet J G Davies Eo Unfed  Trade 
Press London 196: 
Yaussler M P S'erqids 20 639 

Yav icek J Detersson G Samuelson 
19721 

- -  . . ,  - . , "  . _ , .  
(6538 Heller. S R , /:?a 5 ~ -  44.  1951 

I 19721 
16541 Heller S R 'ales t- b Milne G K 

A 0.0 M a s s  Sdec'rgrr 7 107 19731 
<655! Heller S P Kales N Vilne G II, 

4 Feldwann P I GTh I' Pop+ Mass 
Spectrorr EdinSu-at  Sep' 1573 Ad 
vances in Mass Spectrore'rb Vo' 6 A 
4 hest Eb ir press 

(6561 Vellerqvis' C G Lindbers 6 Samuels- 
sop b Brubaker R P 4c :her 
Scijnc 26 '389 (1972 

'657 Yemswwth P t Rundle b V+ 
Bohme 0 K Schift k Dunk n D 
3 Cehsenfels Z CPer  " h i 5  
59, 61 119'3 

44 2302 i 9 7 2 )  
(658  henderson A Stee C A q a  ? 



Henderson, W. G.. Taagepera. M.,  Holtz, 
D.. Mclver ,  R .  T., Jr , Beauchamp, J. L . ,  
Taft, R W., J .  Amer. Chem. SOC.. 94,  
4728 (1972). 
Henion, J. D. ,  Kingston, D .  G. I., ibid..  
95, 8358 (1973). 
Henneberg, D., Casper. K . ,  Weimann, 
B.. Ziegier. E., 6th Int.  Conf. Mass Spec- 
trom., Edinburgh. Sept. 1973, "Advances 
in Mass Spectrometry," Vol. 6, A. R. 
West, Ed.. in press. 
Henneberg, D. .  Casper, K . ,  Ziegler. E., 
Chromatographla, 5 ,  209 (1 972) 
Henneberg. D . ,  Casper, K . ,  Ziegler, E.. 
Weimann, B. ,  Angew. Chem. In?. Ed. 
Engl.. 11,  357 (1972) .  
Herman, Z , Wolfgang, R . .  in "Ion-Mole- 
cule Reactions." J .  L. Franklin, Ed., Vol. 
2 ,  Plenum Press. New York. 1972, p 
553 
Herod, A. A . ,  Harrison, A. G. ,  In?. J. 
Mass Spectrom. /on Phys., 4,  415 
(1  970) 
Heron, E. J . ,  Caprioli, R .  M. ,  21st Annu. 
Conf Mass Spectrom. Allied Topics, San 
Francisco, Calif , May 1973. Paper No. 
N-1 1 
Hertel, I . ,  Ottinger. C. H. .  Z. Naturforsch. 
A. 22,  40 (1967) 
lbid.. p 1141 
Higuchi. T . .  Tanahashi. M . ,  Sato. A . ,  
Mokuzai Gakkaishi, 18,  183 (1972) 
Hill. H C , "Introduction to Mass Spec- 
trometry," Heyden & Son, Ltd., London, 
2nd ed. .  1972. 
Hilmer. R. M , Taylor, J .  W., Anal. 
Chem , 45, 1031 (1973) 
Hinshelwood. C . Adv. Mass Spectrom.. 
1 ,  p x i i i  (1959) 
Hipps P P Holland W H Sherman 
W R Biochem Bioohvs Res Com- , ,  

m u n ,  46. 1903 (1972) 
Hipps. P. P.. Sehgal, R K., Holland. W. 
H , Sherman, W. R , Biochemistry, 12,  
4705 (1973) 
Hirano, K , Naruse. M.. Kawai, S.. Ohno, 
T , J. Chromatogr., 70, 53 (1972) .  
Hites, R A . .  J. Chromatogr. Sci. ,  11. 570 
(1973) 
Hites, R A , Biemann. K , Science. 178. 

Ho, K .  J..  Peng. S. K. ,  Taylor, C B., Ath- 
erosclerosis, 15,  249 (1972) 
Hoffman, M .  K , Amos, T. L . .  Tetrahe- 
dron Lett. .  5235 (1972). 
Hoffman, M K , Bursey, M .  M , ibid.,  
2539 (19711. 
Hoffman, M .  K. .  Wallace, J .  C.. J .  Amer. 
Chem. Soc.. 95. 5064 (1973). 
Hoqg. A M.. Anal. Chem.. 44, 227 
(1 9721 
Hoqy, A M.. 6th lnt.  Conf. Mass Spec- 
trom , Edinburgh, Sept. 1973, "Advances 
In Mass Spectrometry," Vol. 6, A. R .  
West, Ed , in press 
Hogg. A M. ,  Nagabhushan, T. L , Tetra- 
hedron Lett.. 4827 (1972) 
Holick, M .  F. .  Kleiner-Eossaller, A., 
Schnoes, H.  K , Kasten, P M . ,  Boyle, I 
T . ,  de Luca. H.  F J. Biol. Chem., 248, 
6691 (19731 
Holick. M .  F , Schnoes, H K , de Luca. 
H F . ,  Gray, R .  W. .  Boyle, I .  T., Suda. T , 
Biochemistry, 11,  4251 (1972). 
Hoiland, J .  F , Sweeley, C C., Thrush, R.  
E ,  Teets, R E ,  Bieber, M A.. Anal. 
Chem.. 45. 308 (19731. 

158 i1972) 

(688) Hollebone. B ' R ,  Bohme, D. K. ,  J. 
Chem. SOC., Faraday Trans. 2. 69, 1569 
(1973) 

(6891 Holloway. P. J , Deas. A. H. 6..  Kabaara, 
A. M , Phytochemistry, 11,  1443 (1 972) 

(6901 Holmes, J L , Org. Mass Spectrom., 7 ,  
335 (1973) 

(691 I /bid..  p 341 
(6921 Holmes. J L , in "Isotopes in Organic 

Chemistry," E. Buncel, C. C. Lee, Ed.. 
Elsevier. Amsterdam, in press. 

(6931 Holmes. J L , Benoit. F. M . ,  in "Mass 
Spectrometry." A.  Maccoll. Ed.. MTP Int 
Rev Sci Ser. One, Vol. 5, Butterworth's 
-London. University Park Press-Balti- 
more, 1972. p 259 

(6941 Holmes. J L.. Benoit, F . .  in "Mass Spec- 
trometry, ' A. Maccoll ,  Ed.. MTP Int. Rev. 
Sci Ser Two, Butterworth's-London. 

University Park Press-Baltimore, in 
press. 
Holmes, J .  L.. McGillivray, D . ,  Rye, R .  T.  
6.. Org. Mass Spectrom.. 7, 347 (1973) 
Holmes, J .  L . ,  McGillivray, D , ibid.. p 
559. 
Holmes, J. L., Rye, R .  T. B . ,  Can. J .  
Chem., 51. 2342 (1973) 
Holmes, J. L ,  Tong, D .  C M. ,  Rye, R T. 
B.. Org. Mass Spectrom., 6, 897 (1972) 
Holmes, W. F. .  Holland, W. H . ,  Shore, B 
L., Bier, D .  M . ,  Sherman, W. R. ,  Ana/. 
Chem., 45, 2063 (1973) .  
Holmstedt, D. ,  Lindgren, J .  E. ,  Fresenius' 
Z. Anal. Chem., 261,  291 (1  972) 
Holwerda. D .  A ,  Eur. J. Biochem., 28. 
340 (1972). 
Honig. R. E.. Plenary Lecture, 6th Int.  
Conf. Mass Spectrom., Edinburgh. Sept 
1973, "Advances in Mass Spectrometry." 
Vol. 6. A. R.  West, Ed.. in press. 
Hopkins, J M , Bone. L. I., J. Chem. 
Phys., 58, 1473 (1973) 
Horning, E. C., Horning, M .  G. .  Ciin. 
Chem., 17, 802 (1972) .  
Horning. E. C , Horning, M .  G. .  Carroll, 
D. I . ,  Dzidic, I . ,  Stiilwell, R .  N., Anal. 
Chem., 45, 936 (1973). 
Horning, E. C , Horning. M .  G., Carroll, 
D .  i . ,  Stillwell, R N , Dzidic, I . ,  Life Sci.. 
13,  1331 (1973). 
Horning. M. G . ,  Boucher. E.  A., Stafford, 
M . ,  Horning, E C., Ciin. Chim. Acta, 37, 
381 (1972) .  
Horning, M. G , Butler, C., Harvey, D j , 
Hill, R M . ,  Zion. T. E., Res. Commun. 
Chem. Pathol. Pharmacd.,  6, 555 
(1973). 
Horning, M .  G . ,  Nowlin. J . ,  Lertratananq- 
koon, K . ,  Stiilwell. R N. .  Stillwell, W. G . 
Hill, R. M.. Clin. Chem., 19. 845 (19731. 
Horton. D , Just, E. K.. Wander, 2 .  D.,  
Org. MassSpectrom..  6, 1121 (1972) 
Horton, D . ,  Tarelli. J. M .  Wander, J D. 
Carbohyd. Res., 23, 440 (1972). 
Horton, D , Wander, J .  D. ,  Foltz, R i , 
Anal. Biochem., 55,  123 (1973) 
Horvath, G Y , Kuszmann, J., Org. Mass 
Spectrom., 6 ,  447 (1  9721. 
Hoshi, M. ,  Kishimoto. Y , Hignite. C . J 

Lipid Res., 14, 406 (1973) 
Hoshino, H , Talima, S.,  Tsuchiya, T . ,  

Bull. Chem. Soc Jap., 46, 3043 (19731 
Howard. C C , Johnstone, R A W , J .  
Chem. SOC. Perkin Trans. 1 ,  2033 
( 1  973) 
Howe. I , in "Mass Spectrometry," D .  H.  
Wiliiams, Sr Reporter, The Chemical So- 
ciety, Voi 2 ,  London. 1973, p 33 
Howe, I , Uccella. N A. ,  Williams. D. H. ,  
J. Chem. SOC.. Perkin Trans. 2. 76 
(1973). 
Hugentobler. E. ,  Loliqer. J . ,  J. Chem. 
Educ., 49, 610 (1972) 
Huneck, S ,  J .  Prakt. Chem., 314, 488 
(1972) 
Huneck, S.. Schreiber. K , Steglich. W.,  
Tetrahedron, 29,  3687 (1973) 
Hunnernan. D.  H., Summ Int. Symp. 
Mass Spectrom. Biochem. and Med., ls t i -  
tuto"Mario Negri," Miian. Italy, May 1973, 
P 31 
Hunneman. D H. ,  Eqlinton, G . .  Phyto- 
chemistry, 11, 1989 (1972). 
Hunneman, D .  H., Richter, W. J . ,  Org. 
Mass Spectrom.. 6, 909 (1972) 
Hunt, D .  F. .  McEwen, C. N , ibid., 7. 441 
i19731 
\ - . - ,  

( i 2 6 )  Hunt, D .  F., McEwen. C. N . ,  Upham, R 
A ,Ana l .  Chem., 44, 1292 (1972). 

(727) Hunt, D F , Ryan, J F. ,  I l l ,  ibid.. p 

(728) Hunt, D F , Ryan, J .  F , I l l ,  J. Chem. 
SOC., Chem. Commun., 620 (1972). 

(729) Hunt, E . .  Morris, H R , Biochem. J., 
135,  833 (1973). 

(730) Huntress. W. T I  Jr . ,  J .  Chem. Phvs.. 55. 

1306 

2146 (1971) 

119721 
(731) Huntress, W T Jr i b id ,  56, 5111 

(732) Huntress, W. T. ,  Jr . ,  In?. J .  Mass Spec- 
trom. /on Phys., 11, 495 (1973) 

(733) Huntress, W. T.. Jr..  Bowers, M .  T., ibid., 
12,  1 (1973) 

(734) Huntress, W. T , Jr , Pinizzotto. R F . ,  
J r . .  J. Amer. Chem. Soc.. 95. 4107 
(19731 

Huntress, W T., Jr . ,  Sirnms, W. T., Rev. 
S o .  Instrum., 44, 1274 (1973) 
Hurley, R .  E.. J. Phys. E: Sci. Instrum., 
5. 1025 (1972). 
Hustert, K.. Korte, F. .  Chemosphere, 1,  
7 (1972) .  
Hutterer, F , Roboz, J , Sarkozi, L . 
Ruhig, A,, Bacchin, P , Clin. Chem., 17. 
789 (1972). 
Hutzinger, O. ,  Nash, D .  M . .  Safe, S.. De 
Freitas. A. S. W.,  Norstrom. R .  J . ,  Wil- 
dish, D .  J , Zitko. V . .  Science, 178. 312 
(1  9721, 
Hvistendahi. G . .  Undheim, K.  Gyorosi, 
P., Org. Mass Specfrom.. 7, 903 (1973). 
lchikawa, H. ,  Ogata. M., Bull. Chem 
SOC. Jap.. 46, 1873 (1973) 
ichikawa, H , Ogata, M . ,  J. Amer. Chem 
Soc., 95,  806 (1973) 
lkekawa, N. .  Hattori, F.. Rubio-Light- 
bourn, J , Miyazaki, H , Ishibashi, M , 
Mori, C.,  J Chromatogr. Sci.. 10,  233 
(1972). 
Ingle, J D , Jr.,  Crouch, S. R . .  Anal. 
Chem., 44, 777 (1972). 
lbid.. p 785. 
Innorta, G.. Torroni. S., Pignataro, S , 

Org. Mass Spectrom.. 6, 113 (1972) 
Innorta. G , Torroni. S . ,  Pignataro. S , 
Mancini, V ,!bid., 7, 1399 (1973) 
Inoue, T. .  Nakahara, Y . ,  Niwaguchi, T.. 
Chem. Pharm. Bull., 20, 409 (1972) 
Inouye, S., (bid., p 2320 
/bid., p 2331 
lnternationai Journai o f  Mass Spectrome- 
try and ion Physics. Elsevier, Amster- 
dam 
6th International Mass Spectrometry 
Conference, Edinburgn. 1973, "Advances 
in Mass Spectrometry." Vol 6. A. R 
West, Ea , in press. 
ionov, lu. T , "Surface lonlzation and i t s  
Applications," Pergamori Press, New 
York, VoI. 1, Part 3 o: "Progress in Sur- 
face ionization," 1972 
Irwin. M A.. Gelssman. T A Phvio- 
chem!stry. 12,  849 (1973) 
Isaev. I S . Domrachev. '4 N.. Gortink- 
el, M 1 , Koptyug, V A , Dokl. AKad. 
,Yauk.. SSSR, 201, 1102 (1971). 
isenhour. T L ,  Anal. Chem. 45, 2153 
(1973). 
Isenhour. T L , Justice, .I. B , 6th In'' 
Conf on Mass Spectrometry, Edinburgh, 
Sept 1973, "Advances in Mass Spec- 
trometry, ' Vol. 6. A. R West, Ed , in 
press. 
iskakov. L I . .  Potapov. V K . Lh. Fiz 
Khim , 47, 78 (1973) 
lsoiani, P C , Riveros, J M , Tiedemann. 
? W , J. Chem. SOC. ,  Faraday Trans. :?, 

Isono, K . Crain. P F , Odiorne. T J . 
McCloskey. J A., Suhadolnik, R .  J , J. 
Amer. Chem. SOC.. 95, 5788 (1973) 
l to,  A,, Matsumoto. K , Takeuch,, T. .  
Org. Mass Spectrom., 7. 1279 (19731 
Ito, K . ,  Furukawa, H , Tanaka. H , Yaku- 
gaku Zasshi, 93, 121 5 (1 973) 
Itoh, T . Tamura. T.. Matsumoto. T , .I. 
Amer. Oi lChem. SOC , 50,  122 (1973) 
Iwanami, Y , Akino, M . ,  Tetrahedron 
Lett., 3219 (1972) 
lyer, R. T I  Ayengar. K N N., Rangas- 
wami, S , lndian J. Chem., 10, 482 
(1972) 
Jackson, M.  C., Young, W. A P., Rev. 
Sci. Instrum., 44, 32 (19721 

69. i o 2 3  (19731 

(767) Jacob, J . ,  Grimner, G.,  Z. Naturforscn. 

(768) Jacob, J., Zeman, A, ,  Z. Naturforsch. B ,  
C, 28, 75 (1973). 

26. 1344 119711. 
(769) Jacob, J.,' Zem'an, A , Z. Naturforsch. C. 

28,  78 (1973) 
(770) Jaffe, S . ,  Karpas, Z , Klein, F S , J.  

Chem. Phys.. 58,  2190 (1973) 
(771) Jakowicki. J.. Ervast. H.-S.. Adlercreutz. 

H . ,  J.  SteroidBiochem., 4, 181 (1973) 
(772) Jalonen, J . ,  Suom. Kemisfdehti, 46, 81 

(1973). 
(773) Jalcnen. J . ,  Pasanen, P., Pihlaja. K . .  

Org. Mass Spectrom.. 7 ,  949 (1973) 
(774) Jalonen. J , Pihlaja, K., ibid., 6, 1293 

(1972). 
(7751 Jalonen, J..  Pihlaja, K. ,  Suom. Kemisti- 

Ieht iA.  45, 116 (1972) .  

A N A L Y T I C A L  C H E M I S T R Y ,  V O L .  46, NO. 5, APRIL 1974 2 7 9 R  



(776) Ja 'onrn  J Pihlaja K Org Mass Spec- 
troni 7, 1203 (1973) 

(777) JanKOwSki K Varfalvy L Buil Acad 
Po SCI iChim ) 20.423 (1972) 

1778) Jardine A Reed R I Silva M E S 
F Orq Mass Spectrorr 7 601 119731 

(779) Jaret R S Mallams A K Vernay H 
r J Cnem SOC Perkin Trans 7 1389 
1147'3 . _  ~ 

17801 Jason A ,J . Bull Amer. Phys. S O C ,  18. 

(7811 Jeffrey. A M , Jerina, D M , Self, R 
268 (1973) 

Egans W. C.,  Biochem. J .  130. 383 
11972, 

(782) Jellum. E , Stokke, O . ,  Eldjarn i., Ciin. 
C h e r  , 18 ,800 (1972; 

(7831 Jellum, E , Stokke, 0 ,  Eldjarn. L. .  Ana!. 
Chem. 45. 1099 (1973 

17841 Jelus 5 Munson, B. .  Fenseiau C , 21s' 
Annii Cont Mass Spectrom Aliiea Top- 
ics San Francisco. Calif M a )  1972, 
Paper No L-8 

(7851 Jender!. D J . Cho A I' , Ann Ne'. 
Wiarmacol.. 13, 371 (1973, 

1786; .lenden D J . Roch M Booth. R A 
Anal Biochem , 55, 438 (1973' 

(787) Jenden. D J , Silverman, R \r;, J .  Chro- 
marogr Sc, 11. 601 (1973) 

(788) Jennings K 2 .  YJ CheK Phys.. 45 
4176 11965: 

(789: Jennings K E In' J h8ass Spectrom. 
l o n f h y s .  1. 227 119681 

17901 Jennings K R , in ':Mass Spectrometr) 
Techniques and Applicetions " G W. A .  
Milne. Ed , Wilev-Interscience New 
York N b' 1977 0439  

1791 I Jennings. K E Whiting A Org. Mass 
Soec!mm.. 6, 91 7 1 1972: 

(7921 Johnson. P. 1% , Smith. R M J Ant ! .  
mor .  25. 292 (1972 

(793) Johnson. B M , Taylor. J W ,  Anai. 
2hen: 44, 1483 11972i 

17941 Johnsori, B M , Taylor. 2 !N in!  J .  
Mass Specirorn. / o n  Phys.. 10, 1 11972, 
7.3, 

1795, Johnso?. E M , Worzalla. J F Bryan, 
G i . 21s: Annu. Conf Mass Spectrorr 
Allled Topics. San Francisco Calif , May 
1973, Paper No N-6 

(7961 Johnson. M.  W. .  Gordon, B J Sei', H , 
Lao Praci  . 267 (19733 

(7971 Johnstone. R .  A. W , "Mass Spectrome- 
t r v  for Organic Chemists " Camoridge 
Uriiversity Press, London, 1972 

(7981 Johnstone, P A W McMaster, B , <:. 
Chem Soc.. Chem. Commun,  730 
(1973) 

(7991 Johnstone R A W ,  Mellon. C A ,  J .  
Chem So: . .  Faraday Trans. 2 .  68, 1209 

(8001 Jones. E G. ,  Bauman, L E ,  Beyncn, J 
H , Cooks. R .  G , Org, Mass Spectrom., 
7, 185 (1973) 

(801) Jones. E G , Beynon. J H , Cooks, R 
G . J Chem. Phys. 57. 2652 (19721 

(802) /bid.. p 3207 
(803) Jonsson. B -0 , Lindholm, E . A r k .  Fysik. 

39, 65 (1969) 
(804) Jonsson B - O . ,  Lindholm. E , Skerbele, 

A , int  J. Mass Spectrom /on Phys . 3, 
385 (19691 

(8051 Journal ot the American Chemical Soci- 
ety. American Chemical Society. Wash- 
ington. D C 20036 

(8061 Journal of Chemical PnysicS. American 
Institute of Physics. New York, N Y 
10017. 

(807) .ludson. C M , 21st Annu Conf Mass 
Spectrom Allied Topics San Francisco 
Calif.. May 1973, Paper No T-7 

(808) Junk G A ,  i n f  J. Mass Spectrom /on 
Phys . .  8. 1 (1972) 

(809) Justice, J .  B J r . ,  Anderson. D N , lsen- 
hour. T L , Marshall. J C , Anal. Chem , 

44, 2087 (1972).  
(810) Kagan. F . Grostic, M G . Org. Mass 

Spectrom, 6, 1217 (1972) 
(811) Kahn, J H , Nickol, G B , Conner. H A ,  

J ,  Agr FoodChem,  20, 214 (1972).  
(812) Kalir. A . Sali. E Mandelbaum, A.. J .  

Chem Soc Perkin Trans 2. 2262 

(19721 

(1972) 
(813) Kameda K Aoki H Tanaka H Nami- 

ki M Agr Bioi Chem 37. 2137 
119731 

(814) Kamei K , Momose, A ,  Chem Pharm 
Buil 21. 1288 (1973) 

(815) Kamei K Murata M lshii K Namak- 
eta M Momose A rbid p 1996 

(816) Kdmerling J P Vliegenthart J F G 
Kahl W Roszowski A Zurowska A 
Carbohyd Res 25, 293 (19721 

(6171 Kamerling J P Vliegenthart J F G 
Vinh .I de Ridder J J Tetrahedron 
28 4375 19721 

(8181 Yaneo Y Goromaru T iguchi S 'a-  
Kugaku Zassh! 93, 258 (1973) 

(8191 Kapadia G J Hussain M P J 
Pharm Sc! 61, 1172 (19721 

(8201 Karachevtsev G V Talrose V L 
Kinet Kaiaiiz 8. 1 (1967 

1821) 
(8221 

(823) 

(8241 

18251 

18261 

18271 

18281 

(8291 

/ b ! d .  p 477 
Karasek. F W Smythe. R J , 21sf 
Annii C o i f  Mass Spectrom Allied TOD- 
ics. San Francisco Calif May 1973 
Paper No P-3 
Karlsson, ti -A FEGS Let; 32, 317 
:1973i 
Karlsson K -A , Pasctier ~. Samuels- 
sori B E ,  Steer 3 G , C.'lem. Phys 
Lipids. 9. 230 (1972 
Karisson ti - A  Samuelsson. B E 
S t e w  G C ., Lipid Res 13, 169 
11972; 
Karlssor. K. - A  , Samueissori. B E 
Steer,. G 0 , Chem Phys Lipids. 11. 17 
(1973: 
Karlssor k - A ,  Samuelsson E E . .  
Steer.  G C , Biochim Biophys. Acta. 
316, 317 ,39731 
Karlssor,. i( Wahlberg, I Enzell, C R 
Acta Chrm. Scand.. 27. 1613 (19731 
Karoum. F , Cattabeni. F , Costa. E 
Ruthven. C R J , Sandler M , Anal  B f c -  
men:  . 47. 550 11972'8 
Karpati A ,  Rave, A Deutsch. J , Man- 
deloaum. A ,  J. Amer. Chem S o c .  95, 
4244 '19732 

( 8 3 3 ,  Kiiiumaki A Suzuki M J Antrbict 25 
480 119721 

(832 Kashman \. Fishersor L N e e m a i  , 
jet-ahedron 29, 3655 ,1973 

(E331 Kdsper S F Franklin J .J Chem 
~ P Y S  56. 1156 (1972 

15341 hatoh V Jaeger I) A Djerassi C J 
Ame' Chem So- 94, 3107 119721 

1835 1 atz J J Sfrair Y !- Harcness A 
L Studier Iv' H Svec VJ H Jansor 

fi Cope B 1 ibio p793E 
1836) tiebarle P J Chem Phys 53 2129 

1837) Kebarle P in Ions and ton Pairs in Or- 
11970) 

ganic Reactions M Szwarc Ed Wiley 
Interscience New York N Y 1972 Vol 
1 Chap 2 

Scarborough J Arshadi M J Amer 
Chem SOC 89. 6393 119671 

(838) Kebarle P Searles S K Zolla A 

(839) Keller R F Teratolog) 7, 31 (19731 
(8401 Kelly R W il Chromalogr 71, 337 

(1972) 
(841) Kellv R W Anal Chem 45, 2079 

(19731 
(842) Kemp P Dawson R M C Klein R 

A Biochem J 130,221 (1972) 
(843) Keough T Ast T Beynon J H 

Cooks R G Org Mass Spectrom 7. 
245 (1973) 

(844) Keough T Beynon J H Cooks R G 
J Amer Chem SOC 95, 1695 (19731 

(845) Kerkhoff M A Th Nibbering N M M 
Org Mass Spectrom 7, 37 (19731 

(846) Khoo S F Oehlschlager A C Ouris- 
son G Tetrahedron 29, 3379 (1973) 

(847) Khoung Huu Q Ratle G Monseur X 
Goutarel R Bu/ /  SOC Ch!m Beig 81. 
425 (19721 

(848) Khvostenko V I Furlei I I Mazunov 
V A Kostyanovskv R G / z v  Akad 
Nauk SSSR Ser Kh!m 680 (1973) 

(849) Khvostenko V Yurev  V P Amnev 
I Kh Tolstikov G A Rafikov S R 
Dok l  Akad Nauk SSSR 202. 861 
(19721 

(8501 Kikuchi T Mimura T Yakugaku Zas 
shi 92, 652 (1972) 

(851) Killgoar P C Jr Leroi G E Berkow 
itz J Chupka W A J Chem Phys 
58, 803 (1973) 

(852) /b id p 1370 
(853) Kim J K Findlay M C Henderson 

W G J Amer Chem Soc 95 2148 
(19731 

(854) Kim K C Keough T W Beynon J 

H Cooks R G 21st Annu Conf Mass 
Spectrom Allied Topics San Francisco 
Calif Mav 1973 Paper No R-4 

(855) Kimland B Aasen A A Enzell C E 
Acta Chem Scand 26. 2177 (1972) 

(856) Kinlin T E Muralidhara R Pittet k 
0 Sanderson A Walradt J P J Agr 
FoodChem 20 1021 (19721 

(8571 Kinumaki A Suzuki M J Chem Soc 
Chem Commun 744 (1972) 

(858) Kishimoto Y Williams M Moser H 
W Hignite C Biemann K J Lipid 
Res 14, 69 (1973) 

(859) Klasinc L Gusten H Z Naturtorsch 
A 27. 1681 (1972) 

( 8 6 0 )  Kieoe K J van Houte J van Thuijt 
J Org Mass Spectrom 6, 1363 
(1572) 

(8611 Kleirnan R Spencer G F J Amer Oii 
Cnem Soc 50.31  (1973 

(862) Klein H Djerassi C Cnem Ber 106, 
1897 11973 

(8631 Klein P D Hdumanri J R Eisler W 

(8641 Klein P D Haumann J R Eisier V. 

(865 Klein R A J Lipid Res 13, 672 
(1972, 

( 8 6 6 )  Klots C E J Phys C h e r  75. 1526 
( '971 

(667 Klots C E Z Naturtorsch P 27 553 
(1972) 

18681 Klots C E J Coem Phys 58. 5364 
(1973) 

(8691 Klots C E 6th int Con' on Mass 
Spectrometry Edinburgt- Sept 1973 
Advaices in Mass Spectrometri Voi 

6 A R West Ed in press 
(870) Klotz H D Drost t3 Weixelbaum L 

2 Pbys Chem (Leipzig) 253, 1 (19731 
1671 Knapp 0 R Gaffney E Proc 

Seminar on Uses of  Stable Isotopes in 
Clinicai Pharmacology P D Klein Ed 
U S Atomic Energy Commission Oak 
Ridge Tern 1972 p429  

(872) K iapp  D R Gaffney T E McMahon 
R E Kiplinger G J Pharmacol Exp 
i h e r  180. 784 (1972 

(873) Knapp F F Phillips D 0 Goad J 

Goodwin T W Phytochemistry 11, 
3497 i 1972) 

(8741 Knewstuab P F int J Mass Specrrom 
/ o n  P h i s  6. 217 (1971) 

( 8 7 5 )  /b id p229  
(8761 tinewstubb P F J C h e r  SOC fa ra  

day Trans 2 1196 (1972) 
(6771 Knewstubb P F in!  J Mass Spectrom 

l o n f h y s  1 0  371 (1972 73) 
1878) Knights B A Ana/ Lett 6, 495 (1973) 
(879) Knoche H W Shivelv J V J Bioi 

Chem 247, 170 (1972, 
(880) Kobayashi M Tsuru R Todo K Mit- 

suhashi H Tetrahedron 29, 1193 
(19731 

(881) Kochetkov N K Chizhov 0 S Kad 
entsev V I Smirnova G P Zhukova 
I G Carbohyd Res 27, 5 (19731 

(882) Kochetkov N K Zhukova I G Smir- 
nova G P Glukhoded I S Biochim 
Biophys Acta 326, 74 (1973) 

(883) Kocor M St Pyrek J J Org Chem 

(8841 Kocor M St Pyrek J Atal C K 

(8851 Koenig W A Smith L C Crain P F 

J Clin Chem 17, 735 (1971 I 

J Anal Chem 44, 490 (19721 

38. 3688 (19731 

Bedi K L Sharma B R ib id p3685  

McCloskey J A Biocnemistry 10, 3968 
(19711 

(8861 Kollattukudy P E Giochem Biophys 
Res Commun 49, 1040 (19721 

(887) Kollattukudy P E Walton T J Bio- 
chemistry 11, 1897 (19721 

( 8 8 8 )  Kollattukudy P E Walton T J Kush- 
waha R P S ib id 12. 4488 (1973) 

(889) Komarov V N Tikhomirov M V 
Khim V y s  f n e r g  6, 403 (1972) 

(890) Komarov V N Tikhornirov M V Zh 
Fiz Khim 46, 1329 11972) 

(891) Komarov V N Tikhomirov M V Tun- 
itskii N M !bid 47, 769 (1973) 

(892) Kondo S Shibahara S Tartahashi S 
Maeda K Umezawa H O h n o  M J 
Amer Chem SOC 93, 6305 (1971) 

16931 Konig W A Bauer H Voelter W 
Bayer F Chem Ber 106. 1305 
(1973) 

(8941 Konig W A Loeffler W Meyer W H 
Uhmann R ib id p 8 1 6  

2 8 0 R  A N A L Y T I C A L  C H E M I S T R Y ,  VOL. 46, NO. 5, A P R I L  1974 



(895) Koo, D , Sedgwick, R. D . ,  6th Int .  Conf. J. Mass Spectrom. /on Phys.. 10, 309 (976) Lifshitz, C., Tiernan. T. 0 , J .  Chem. 
Mass Spectrom , Edinburgh, Sept. 1973, (1972/73) 
"Advances in Mass Spectrometry,' '  Vol  (935) Lao, R .  C.. Thomas, R .  S , Oja. H..  Du- (977) Lifshitz. C , Weiss, M , Chem. Phys. 
6. A R .  West. Ed.. in press. bois, L., Anal. Chem., 45, 908 (1973) 

(896) Koppel, C.. Schwarz, H , Bohlmann. F . ,  (936) Large, R., Saunders, K J , Org. Mass (978) Lin, D C. K..  Slotin, L . ,  Ogilvie. K K , 

Org. Mass Spectrom., 7. 869 (1973) Spectrom., 7, 291 (1973) Westmore. J .  B., J. Org. Chem.. 38. 
(897) Koppel. C . ,  Schwarz. H , Bohlmann. F , (937) Larsen. E., Qureshi. I .  H., Moller. J , 1118 (1973). 

Tetrahedron, 29, 1735 (1973) ibid.. p 89 (979) Lin, Y.-M , Chen. F.-C., Tetrahedron 
(898) Kornreich, M .  R . .  Issenberg. P.. J .  Agr. (938) Larsson, F.  C. V . ,  Lawesson, S.-O., Lett., 4747 (1973) 

FoodChem. .  20,1109 (1972). Moller, J . ,  Schroll, G , Acta Chem. (980) Lindberg, E. ,  Lonngren, J . .  Thompson. J .  
(899) Koslow, S. H . ,  Cattabeni. F . ,  Costa. E., Scand.. 27, 747 (1973). L.,  Nimmich. W. ,  Carbohyd. Res. .  25, 49 

Science, 176, 177 (1972) (939) Laseter, J L. ,  Evans, R . .  Walkinshaw. C (1972). 
(900) KovaEik, V . ,  KovaE, P.,  Carbohyd. Res., H..  Weete. J .  D . ,  Phytochemistry, 12, (981) Lindberg, B , Lonngren. J . ,  Nimmich, 

24, 23 (1 972). 2255 (1973) W., Acta Chem. Scand.. 26, 2231 
(901) Kowalski, B. R.. Bender. C. F , Anal. (940) Laurie. W A, ,  Field, F.  H. ,  J. Amer. (1972). 

Chem., 45, 2234 (1973). Chem. SOC., 94, 2913 (1972). (982) Lindberg, B . Sarnueisson, K , NimmicP 
(902) Koyama. T., Ogura, K . .  Seto, S.. J. Bioi. (941) /bid., p 3359. W , Carbohyd. Res.. 30, 63 (1973) 

Chem., 248,8043 (1 973) (942) Laurie. W A, ,  Field, F H , J ,  Phys. (983) Lindemann. E..  Rozett. R .  W. ,  Koski, W 
(903) Koyano. I . ,  Suzuki, Y . .  Tanaka. I., J .  Chem.. 76, 3917 (1972). S , J Chem. Phys., 56. 5490 (1972) 

Chem. Phys., 59, 101 (1973) (943) Lauwers, W. ,  Serum, J. W. ,  Vandewalle, (984) i i ndho lm,  E , in ' ' Ion-Molecule Reac- 
(904) Kraft, M . ,  Fresenws'  Z. Ana/. Chem., M , Org. Mass Spectrom.. 7, 1027 tions." J L Franklin, Ed . Vol  2, Plenum 

264. 212 (1973). (1973). Press, New York, N Y . ,  1972, p 457 
(905) Kramer,  J K G . ,  Kushwaha. s. G . ,  (944) Lawson, A M , Chalmers, R .  A.. Purkiss. (985) Lindstrom, B. ,  Luning, B . Acta Chem. 

Kates, M , Blochim. Biophys. Acta. 270, P., Mitchell, F L.. Watts, R.  W.  E , 6th Scand.. 26, 2963 (1972) 
103 (1972). I n t .  Conf. Mass Spectrom.. Edinburgh. (986) Ling, R , Burgus, R , Rivier, J . ,  Vale W , 

(906) Kramer. J M. ,  Dunbar, R .  C.,  J ,  Amer. Sept. 1973, "Advances in Mass Spec- Brazeau. P . Biochem. Biophys. Res. 
Chem. Soc.,  94, 4346 (1 972) trometry, Vol. 6, A R .  West. Ed , in Commun.. 50, 127 (1973) 

press (987) Linquist, S E , Fornstedt. L , in "Dynar i -  (9071 Kramer. J M. ,  Dunbar. R. C., J .  Chem. 
Phys . 59, 3092 (1973) (945) Lawson, G . ,  Todd, J .  F.  J , Chem. Brit.. ic Mass Spectrometry." Vol. 3. D Price. 

(908) Krasnoshchek. A. P.,  Zh. Org. Khim., 8, 8 .  373 (1 972). E d ,  Heyden & Son, Ltd London, En- 
2100 (1972) (946) Leclercq, P A., Desiderio, D M , Org. gland, 1972 

(909) Krasnoshchek. A P.,  Medvedeva, T. P . .  Mass Spectrom., 7, 515 (1973) (988) Lisboa, B P , Plasse, J -C . Eur.  J .  Bio- 
Espipov, 1 Gusar,  N .  , Galushko, (947) Lederberg, J., J. Chem. E d u c .  49, 613 chem..  31,378 (1972) 

(1972) (989) Litzow. M R . .  Spalding. T R , "Mass A. G . ,  ibid.. 9. 1748 (1973) 
(910) Kriemler. p , Buttrili. s E.. Jr . J .  h e r .  Spectrometry of Inorganic and Organo- 

Chem. SOC., 94, 1365 (1973) sonal communication, 1973. metallic Compounds," Eisevier. Amster- 
(911) Krivit. W , Hammarstrom. S., J .  Lipid (949) Lee, A , Leroy, R ,  L , ~ e r m a n ,  z , dam, 1973. 

Wolfgang, R . .  Tully, J .  C , Chem. Phys. (990) Loew, G. ,  Chadwick, M , Smith. D , Org. R e s ,  13, 525 (19721 
(912) Kubelka. V..  Mitera, J . ,  Zachar. P.. J .  Lett.. 12, 569 (1972). Mass Specfrom.. 7, 1241 (19731 

(950) Lee, C R . ,  Pollitt. R .  J . ,  Eiochem. M e d .  (991) Long, J . .  Munson, B. ,  J Amer. Chem. Chromatogr., 74, 195 (1972) 
6 ,  536 (1 972). SOC., 94. 3339 (1972) (9131 Kuenzle. C. C , Carbohyd. R e s ,  24, 169 

(951) Lee, C R , Pollitt, R.  J , Summ. int .  (992) /bid.. 95, 2427 (1973) (1972) 
Symp on Mass Spectrom in Blochem (993) Longevialle. P , Fales, H M. .  Highet. 13 (914) Kupchan. S. M . Baxter. R .  L , Chiang. 
and Med , lstituto "Mario Negri, Milan, J . .  Burlingame. A. L. ,  Org. Mass Spec- C -K , Gilmore. C J , Bryan. R F . .  J .  
Italy, May 1973, p 34. trom., 7, 417 (1973) Chem SOC.. Chem. Commun., 842 

(952) Lee. H J . ,  Waller, G .  R . ,  Phytochemrs- (994) Longevialle. P , Milne, G W A , Fales. (1973) 
try. 11. 2233 (1972). H M . ,  J. Amer. Chem. S o c .  95, 6666 (915) Kupchan. S M . ,  Britton, R .  W , Ziegler, 

(953) Leferink, J .  G., Leclercq. P. A , Anal. (1973) M .  , Sigel. C. W .  J. Org. Chem.. 38, 
Chert . ,  45, 625 (1973). (995) Longevialle. P . .  Smith D H , Burl t i -  178 (1973) 

S , Restive, M., Davies, R ,  I ' J .  , H Bryan, , Fujita, R ,  T . ,  F, ,  (954) Lehmann. W.  D. ,  Schulten, H.-R.,  Beck- game, A. L. ,  Fales, H M , Highet. R .I . 
ey H. D . ,  Org. Mass Specfrom.. 7, 1 1  03 Org. Mass Spectrom.. 7, 401 (1973) 
(1 973) (996) Lord, G .  H., Miliard. B J , Memel, J , J .  

/ O l d .  p 1853 

Chem. SOC . Perkin Trans. 1 572 A , 
(955) Lenton, J .  R , Goad, L .  J . .  Goodwin. T 

A ,  Gilmore, C J Haltiwanger. R .  C ,  W.,  Phytochemistry. 12, 1135 (1973) (1973) 
B ~ ~ ~ ~ ,  8 F , ,  J ,  A ~ ~ ~ ,  them, sot,, 94, (956) Lerch, E ,  Hesse. M. ,  Heiv. Chirn. Acta. 
3354 (1972) 55, 1883 (1972) 77, 640 (1973) 

(9183 ~ ~ ~ ~ h ~ ~ ,  s. M ,  ~ ~ ~ ~ d ~ ,  y ,  ~ h ~ ~ ~ ~ ,  (9571 Lesman. T I  Deutsch, J ,  Org Mass (998) Lossing F P I  Can. J .  Cnem 50, 3973 
G J, ,  Hintz. H P. J . ,  J .  Chem. SOC.. Spectrom.. 7, 1321 (1973) (1972). 

(958) Levine, S P.. Diss. Abstr.. Order No (999) Lounasmaa, M . Pianta. M e d .  24. 148 Chem. Commun.. 1 065 (1972). 
1919: Kurtenbach, P I  Benes. P I  Oertel. G .  W . 72-25193. 33, p 14328, 106P (1972) 

€ur .  J Biochem.. 39, 541 (1973). (959) Levine, S P..  Naylor, J L.. Pearce, J (1000) Loveland. P M , Laver. M L. ,  Phyfo- 
(9201 Kutney, J P , Klein. F K. ,  Eigendorf. G . ,  B ,Ana / .  Chem.. 45. 1560 (1973) 

McNeiil, D ,  Stuart. K L ,  Terrahedron (960) Levsen. K . ,  Beckey. H D I J. Mass (1001) Lovett E G I  Lipkin, D . ,  J Amer. Chein. 
Lett.. 4973 (1971) SOC.. 95, 2312 (1973) 

(3211 Kutney, J P , Verma, A K . Young, R .  (961) /b id . .  9. 51 (1972) (1002) Lovins. R .  E.. Craig, J , Fairwell. T . ,  20th 
N , Tetrahedron. 28. 5091 (1972) (962) /bid., p 63 Annu Conf Mass Spectrom Allied Top- 

(922) Kwok,  K - s ,  venkataraghavan, R , (9631 Levsen. K . .  McLafferty, F W . Jerina, D ics. Dallas, Texas. June 1972. Paper hi0 
McLafferty. F W J .  Amer. Chem. SOC , M ,  J .  Amer Chem. SOC.. 95. 6332 J-6 
95,4185 (1973) (1973) (1003) Lovins, R .  E , Craig, J , Thomas, I: 

(923) Laine, R .  A Elbein. A [I , Biocnem,stry, 19641 Liaaen-Jensen. S . ,  Pure Appi. Chem.. 35, McKinney. C , Ana/. Eiochem.. 47. 539 
10. 2547 (1971) 81 (1973) (1972) 

(924)  Laine. R A , Sweeley. (; C , Carbohyd. (965) Lias. s. G . .  AUSlOOS. p . .  J .  &S. Naf. Bur 
R e s ,  27. 199 (1973) Stand., Sect A. 75, 591 (1971). 

19251 Laitirieri, H A , Anal  Chem., 45. 2305 (966) Liebl, H , Ana/. Chem.. 46, 22A 119741 (1973) 
(1973) (967) Lieder. C. A ,  Wien, R .  W , Mclver,  R T . (10051 /b id . .  p 1553 

(9261 La Lau. C tn "Topics in Organic Mass Jr , J. Chem. Phys.. 56, 5184 (1972) (1006) Lovins, R. E..  Eilis, S , Tolbert. G 
Spectrometry," A L Burlingame, Ed , (968) Liedtke. R .  J . Djerassi. c. J. Org. McKinney. C , 6th Int Conf Mass Spec- 
Wiley-Interscience, New York N . Y  , Chem.. 37,2111 (1972) t rom..  Edinburgh, Sept. 1973, "Advances 
1970, p 93 (969) Liedtke. R J , Gerrard, A F.. Diekman, in Mass Spectrometry," Vol 6. A R 

(927) La Londe. R T., Wong, C F . .  Phyto- 
chemistry. 11. 3305 (1972). (970) Liedtke. R J , Sheikh. Y M . .  Djerassi, (1007) Luna 20 Preliminary Results, Earth Pian- 

(928) Lam. J , Drake, D , ibrd., 12. 149 (1973) 
(9291 Larnbein F., Wolk. C P., Biochemistry, (1972). (1008) Lundblad, A ,  Svensson, S I  Biochemis- 

12, 791 (1973) (9711 Liehr J G , Richter, W J , {bid.,  7, 53 t ry .  12, 306 (1973) 
(930) Lancaster. G . .  Lamm P I  Scriver. C. R , (1 973) (1009) Lundblad, A..  Svensson. S Carboh'id 

Tjoa. S S , Mamer 0. A,.  Clin. Chim. (972) Liehr. J G..  Runge, W , Richter. W.  J..  Res.. 30, 187 (1973) 
Acta, 48. 279 (1973) ibid.. 6 ,  853 (1972). (1010) Lyons, L E ,  Palmer, L D . ,  Chem. Phys. 

1931) Landowne, R .  A , Morosani. R W., (973) Liehr. J G , Schulze. P.. Richter. W J Lett.. 21.442 (1973) 
Herrmann. R A .  Kipg. R .  M , Jr , ibid.. 7. 45 (1973) (loll) Lundeen. C V ,  Viscomi A S ,  Field, F 
Schmus. H.  G Anal. Chem.. 44, 1961 (974) Lifshitz, C . ,  Grajower. R . .  Int .  J .  Mass H , Anal. Chem 45, 1288 (1973) 
(19721. Spectrom. /on Phys.. 10, 25 (1972173) (1012) Maccoll. A. .  Ed , "Mass Spectrometry. 

(9321 Langenbeck. U . .  Seegmiller. J E.,  Anal. (975) Lifshitz, C . ,  Peers, A. M . ,  Weiss, M MTP Int Rev Sci . ,  Phys Chem Series 
Biochem.. 5 6 ,  34 (1973) Weiss, M J . ,  6th In!. Conf Mass Spec- 1. Vol. 5 ,  Butterworth's. London. Univer- 

(933) Langenbeck, U , Seegmilier, J E , J .  trom , Edinburgh, Sept 1973, "Advances sity Park Press, Baltimore, 1972 
Chi-omatogr.. 80, 81 (1973) in Mass Spectromletry, ' Vol 6. A R (1013) Maccoll. A, ,  Ed , "Mass Spectrometry, ' 

(9341 Lao. R C , Sander. R . .  Pottie, R .  F , I n ! .  West. Ed , in press MTP Int. Rev Sci , Phys Chem Series 

Phys.. 57, 1515 (1972). 

Lett.. 15, 266 (1972). 

(948) Lederberg, J , Stanford University, per-  

(9161 Kupchan. cox ,  

(917) Kupchan. S. M.  Komooa Y Court W 
' J  , Smith: R ,  M., 

(997) Cos, J , Eer. Bunsenges. Phys. Chem 

(1973) 

chemistry. 1 I, 430 (1 972) 

Spectrom. i on  Phys.. 7, 341 (1971) 

(1004) Lovins, R .  E , Ellis, S R Tolbert. G.  [I 
McKinney. C R . ,  Anal. Chem.. 45, 1553 

J.. Djerassi, C , ibfd.. p 776 

C., Org. Mass Spectrom.. 6 .  1271 et. Sci. Lett., 17, 3 (1972). 

West, Ed , in press. 

A N A L Y T I C A L  C H E M I S T R Y ,  VOL. 46,  NO. 5,  APRIL 1974 281 R 



2. Butlerworth's, London, University Park 
Press, Baltimore, 1974. 

(1014) MacLeod. J. K. .  Org. Mass Specfrom., 6, 
1011 (1972). 

(1015) MacLeod, J .  K. .  Nakayama, M. ,  ibid., p 
293. 

(1016) MacLeod, J. K., Wells, R.  J.,  J. Amer. 
Chem. SOC., 95, 2387 (1973) 

(1017) MacNeil. K .  A. G.. Futrell. J .  H. ,  J. Phys. 
Chem., 76,406 (1972) 

(1018) MacNeil, K .  A. G., Thynne, J .  C .  J . ,  lnt. 
J Mass Spectrom. /on Phys., 9, 135 

(1019) Magee. C W.,  Donohue. D .  L . ,  Harrison, 
W. W.,  Anal. Chem., 44, 2413 (1972) 

(1020) Magee, C .  W.,  Harrison, W. W., ibid., 45, 
220 (1973). 

(1021) Magnusson. G.,  Thoren, S., Acta Chem. 
Scand.. 27, 1573 (1973). 

(1022) Mahan. B. H..  Accounts Chem. Res., 3, 

(1972). 

393 (1970) 

Biochem. Biophys., 159, 201 (1973). 
(1023) Maines. M.  D . ,  Anders, M W. ,  Arch. 

(10241 Majer, J R , Taianta Rev., 19, 589 
(1972).  

(1025) Maian, E ,  Loubser. N H , Boshoff, A S. 
J., Els, 0 , Chromatographia. 4, 475 
(1971). 

(1026) Mapleton. R .  A.. "Theory of Charge Ex- 
change." Wiley-lnterscience. New York- 
London-Sydney-Toronto, 1972. 

(1027) Maquestiau. A,,  van Haverbeke, Y.,  
Flammang, R , Org. Mass Spectrom., 6, 
1139 (1972) 

(1028) Marazano, C. ,  Longevialle. P . C.R. 
Acad. Sc i  Ser. C. 175 (1973) 

(1029) Markey. S. P., Murphy. R.  C., Wenger. 
D A,,  20th Annu. Conf Mass Spectrom. 
Allied Topics. Dallas, Texas, June 1972. 
Paper No. P-4. 

(1030) Marx, R., Mauclaire, G , l n t  J .  Mass 
Spectrom. i on  Phys.. 10, 213 (1972173) 

(1031) Marx. R , Mauclaire. G , Fehsenfeld. F.  
C. Dunkin. D .  B , Ferguson. E E., J .  
Chem. Phys., 48, 3267 (19731 

(1032) Mascaretti, 0. A,, Merkuza, V. M . ,  Fer- 
raro. G M. .  Ruveda. E. A., Chang, C.-J , 
Wenkert. E., Phytochemistry. 11. 1133 
(1972) 

1033) Masinter, L. M . ,  Sridharan, N S , Car- 
hart, R .  E., Smith. D H., J. Amer. Chem. 
Soc.. submitted for publication. 

1034) Masinter, L . ,  Sridharan, N S , Lederberg, 
J , Smith, D. H..  Stanford Artificial Intelli- 
gence Laboratory, Memo Aim-216, Stan- 
CS-73-389, 1973 

1035) Mass Spectrometry Bulietin, Mass Spec- 
trometry Data Centre, A W R E Alder- 
maston. England 

1036) Mass Spectroscopy. Mass Spectroscopy 
Society of Japan, Toyonaka. Japan. 

1037) Matsubara. T. Hayashi. A ,  Biochim 
Biophys. Acta, 296, 171 (19731 

(1038) Matsubara. T., Hayashi, A , J .  Biochem.. 
74, 853 (1973) 

(1039) Matsumoto, K E , Partridge, D H. ,  Rob- 
inson, A. B , Pauling, L , Flath. R A , 

Mon. T R . ,  Teranishi. R , J .  Chroma- 
togr., 8 5 ,  31 (1973) 

(1040) Matsuo. A,, Nakayama, M. ,  Hayashi, S . ,  
Buli. Chem SOC. Jap., 46. 1010 (1973) 

(1041) Matwiyoff. N. A , ,  Ott, D G.. Science, 
181, 1125 (1973).  

(1042) Maume. B F..  Luyten. J A,,  J. Chroma- 
togr. Sci.. 11.  607 (1973) 

(1043) Maurer, K. H. ,  Brunnee, C , Kappus, G , 
Habfast. K . ,  Schroder. U , Schulze, P 
19th Annu. Conf. Mass Spectrom , ASTM 
Commitlee E-14. Atlanta, Ga . May 1971. 
Paper No. K-9 

(1044) Maurer. K .  H ,  Rapp. U.. 21st Annu 
Conf. Mass Spectrom Allied Topics. San 
Francisco, Ca l i f .  May 1973. Paper No. 
N-2.  

Samuel, D . ,  Sedvall. G. ,  Biochem. Bio- 
phys. Res. Commun.. 51. 746 (1973) 

(1046) Mead, T J . ,  Williams, D H..  J Chem. 
Soc.. Perkin Trans. 2. 876 (1972) 

(1047) Meier. K , Seibl, J , J Phys. E: Sci. I n -  
strum.. 6, 133 (1973) 

(1048) Meijboom, P. W , Stroink. J. 5 .  A., J .  
Amer. OiiChem. SOC.. 49. 555 (19721 

(1049) Meijer, G. M . ,  Ritter, F.  J , Persoons. C 
J , Minks, A. K , Voerman. S.. Science, 
175, 1469 (1972) 

(1050) Meinwald J , Opheiin. K , Eisner, T . 

(1045) Mayevsky, A , Sjoquist, B.. Fri, C.-G 

Proc. N a f .  Acad. Sci. US,  69, 1208 
11473) j . " . - l .  

(1051) Meisels. G. G ,  Chen. C. T.. Giessner, B 
G , Emmel, R H..  J. Chem. Phys., 56. 
793 (1972) 

(1052) Meisels. 6 .  G . .  Emmel, R H , lnt. J .  
Mass Spectrom. /on Phys.. 11. 455 
(19731. 

(1053) Meisels, G. G.,  Sroka, G J.. Mitchum, R .  
K , 21st Annu. Conf. Mass Spectrom. AI- 
lied Topics, San Francisco, Calif.. May 
1973, Paper No. M-5 

(1054) Meot-Ner, M. .  Green, J H. ,  Adler. A. D..  
Ann. N. Y .  Acad. S o ,  206, 641 11973) 

(1055) Meot-Ner, M. ,  Field, F.  H. ,  J. Amer. 
Chem. SOC., 95, 7207 (1973) 

(1056) Meot-Ner. M. .  Premuzic. E., Lipsky. S 
R.. McMurray. W. J , Steroids, 19, 493 
(1972). 

(1057) Merritt, C , Jr . .  Robertson, D .  H. ,  Gra- 
ham, R. A, ,  Nichols, T L., 20th Annu. 
Conf. Mass Spectrom. Allied Topics. Dal- 
las, Texas, June 1972, Paper No R-2. 

(1058) Meuzelaar, H. L. C . .  Posthumus, M.  A 
Kistemaker, P. G , Kistemaker. J . Anal. 
Chem., 45, 1546 (1973).  

(1059) Meyerson, S . ,  Leitch, L C.,  J. Amer. 
Chem. SOC.. 93,2244 (1971) 

(1060) Meyerson, S I  Puskas. I , Fields. E. K . ,  
ibid.. 95, 6056 (1973) 

(1061) Meyerson, S I  Van der Haar, R W ,  
Fields, E. K . ,  J. Org. Chem.. 37, 4114 
(1  972).  

(1062) Michnowicz. J . .  Munson, 8. .  Org. Mass 
Spectrom., 6, 283 (1  972) .  

(1063) /bid., p 765. 
(1064) Middleditch. 8. S , Desiderio, D M 

Ana/. Biochem.. 55 ,  509 (1973) 
(1065) Middleditch. B. S . .  Desiderio, D .  M 

Anal. Chem.. 45, 806 (1973) 
(1066) Middleditch, B S . ,  Desiderio. D M , J 

Org. Chem.. 38. 2204 (1973) 
(1067) PAiddleditch, B S , Desiderio. D M , Lip- 

ids. 8, 267 (1973) 
(10681 Middleditch. B. S , Desideria D M , 

Prostagiandins, 2, 195 (1972) 
(1069) /bid.. 4. 31 (1973) 
(1070) /bid.. p 459. 
11071'1 Middleditch. B S , Kniohts. B A,.  Ora. 

(10881 Moffat ,  A. C , Horning, E. C.. Matin. S 
B., Rowland. M , J. Chromalogr.. 66, 255 
(1972). 

(1089) McDonough, L. M . ,  George. D .  A., Butt, 
B A , ,  Ruth, J .  M. .  Hill, K R , Science. 
177.177 (1972) 

(1090) Momose, A..  Rinsho Kaqaku. 1. 373 
(1972). 

(1091) Momose, A,.  Tsuji, T.. Yakugaku Zasshi. 
92, 187, 193 (1972). 

(1092) Mook. W. G , Grootes. P. M . .  int. J. 
Mass Specfrom. Ion Phys.. 12.  273 
(1973), 

(1093) Moore, R E., Rapoport, H , J. Org 
Chem., 38, 215 (1973). 

(1094) Morita, H., J. Chromatogr.. 71, 149 
(1 972).  

(1095) Morris, H. R ,  FEBS Lett., 22, 257 
(1 972),  

(1096) Morris, H. R . ,  Dickinson, R J , Williams. 
D .  H , Biochem. Biophys. Res. Com- 
mun.. 51, 247 (1973).  

(1097) Morrison. G H. ,  Colby, 5 .  N . ,  Anal. 
Chem. 44, 1206 (1972).  

(1098) Morrison, G H. .  Colby, B. N , Roth. J 

(1099) Morrison, J D.,  J,  Chem. Phys ,  21. 
1767 (1953). 

(1100) Morrison. J .  D , Traeger, .I. C , In t .  J .  
Mass Spectrom. Ion Phys.. 11, 77 
(1973) 

R.. ibid.. p 1203. 

(1101) lb id. ,  p 2 7 7 .  
(1  102) /bid.. p 289 
(1103) Morton, T.  H , Beauchamp, J L , J .  

Amer. Chem. SOC.. 94, 3671 (1972) 
(1104) Moshier. S E ,  Chapman, D J 810- 

chem. J ,  136, 395 (1973) 
(11051 Moza, P.. Weisgerber, I , Klein. W , 

Korte. F , Chemosphere. 2, 217 (19731 
(1106) Mrochek, J E , Dinsmore. S R , Ohrt. D 

W , Clin. Chem.. 19. 927 (19731 
(1107) Muccino. R R ,  Djerassi C ,  J. Arner 

Chem. SOC.. 95,8726 (1973) 
(1108) Muller. E W., 15th Field Emission Svm- 

posium, Bonn, September 1968 
(1109) Muller, E. W , Krisnaswamy, S V , Sur- 

face S o  36, 29 (1973) 
(11101 Muller-Stock A Joshi R K Buchi J 

Pharm Acta Heiv 47 7 119721 
Mass Soectrom 6. 179i19721 11111 t Muni 1 A Altshuler C h Neicheri 

1072) Mies, F. H.. Krauss. M . .  J. Chem. Phys 
45,4455 (1966) 

1073) Mieure. J P.. Converse, J G , Dietrich. 
M .  W , Fowler, L. ,  Ana:. Chem.. 44, 1332 
11972) 

1074) Migahed, M D , Helal, A. L , El-Khoiy. S 
B , Org. Mass Speclrom.. 7, 1423 
119731. 

1075) Miletic, M , Stamatovic. A , Maksic, R . .  
Zmbov, K ,  6th lnt Conf Mass Spec- 
trom , Edinburgh. Sept 1973, "Advances 
in Mass Spectrometry." Vol 6. A R 
West. Ed., in press. 

11076) Miller. J M . .  Ross, J.. Rustenburg J . 
Wilson, G L.. 4nal. Chem.. 45. 627 
(1973) 

(1077) Miller, J M , Wilson, G.  L. .  lnt. J Mass 
Spectrom. /on  Phys , 12, 225 (1973) 

(1078) Millard. 8. J . ,  Lee, M J., 6th In: Conf. 
Mass Spectrom , Edinburgh. Sept 1973, 
"Advances in Mass Spectrometry,' Vol 
6. A R , West, Ed.. ,n press 

(1079) Miliington. D S.. Games, D .  E .  Jackson 
A H , Proc. Int Symposium on Gas 
Chromatography-Mass Spectrometry, 
Isle of Elba, Italy, May 1972, A Frigerio. 
Ed.. Tamburini Editore, Miian. P 275 

(1080) Miine G W.  A, .  Fales. H M. ,  Col- 
burn, R W ,  Anai. C h e m .  45. 1952 
(1973) 

(1081) Milne G W A,.  Lacey, M .  J..  Crit. Rev. 
Anai. Chem , in preparation 

(1082) Minnikin, D E ,Lipids,  7, 398 (1972).  
(1083) Mischer, G , Fresenius' Z. Anal Chem.. 

262, 81 (1972) 
(1084) Mitscher, L. A ,  Showalter. H D .  H.. 

Foltz, R L . ,  J Chem. Soc.. Chem. Corn- 
mun.. 796 (1972) 

(1085) Mitscher, L. A , Showalter, H .  D. H , 
Foltz, R L , J Antibiot., 26, 55 (1973) 

(1086) Miyak. H , Michij ima, M , 6th Int Conf 
Mass Spectrom , Edinburgh, Sep? 1973. 
"Advances in Mass Spectrometry." Vol. 
6, A R West, Ed , in press. 

(1087) Miyazaki, H , ishibashi, M . ,  Mori. C..  ik -  
ekawa, N , Anai. Chem.. 45. 1164 
(1973) 

C , J. Pharm. Sci.. 62, 1820 (19731 
(1112) Munson. M.  S. B ,  Field, F H . J .  Amsr 

Chem. SOC., 88, 2621 11966) 
(11 13) Muntwyler, R , Keller-Schierlein. W 

Heiv. Chim. Acta. 5 5 .  2071 (1972) 
(11141 Murata. T , Takahasni. S Shitsuryo Bun- 

seki, 20, 155 (1972) 
(1115) Murata, T , Takahashi. S , Anal. Chnm..  

45, 1816 (1973) 
(1116) Murawski U., Egge. H. ,  Zilliken. F . Z 

Naturforsch. B ,  26. 1241 (1971) 
(1117) Murphy. R .  C ,  Finnigan Spectra 3. No 

3 (19731 
(1118) Murray. D G ,  Szakolcai. A Mc!.ean 

S , Can.  J .  Chem.. 50,1486 (1972r 
(11 19) Murray, K. E , Shipton, J . jVhitfield. 7 

B , Aust.  3. Chem.. 2 5 ,  1921 11372) 
(1120) Murti. V V S . .  Kumar, P. S S. ,  Seshad- 

r i .  i R , lndian J .  Chem.. 10, 19 (1972) 
(1121) Muysers. K , Smidt, U in 'Biochemical 

Applications of Mass Spectrornetr) , "  G 
R .  Waller, Ed , Wiley-lnrerscience, Nev, 
York, N Y , 1972, p 601 

(1122) McAdams M J , Bone. L I J Chef? 
Phys , 57. 2173 (1972) 

(1123) McAdoo, D J , McLafferty F W 8e i te .  
P F , I l l ,  J. Arner Chem SOC 94. 2027 
(1972) 

(1124) McAdoo. D J , McLaffer?y. F W Darks, 
T E , ibid.. p 1601 

(1 125) McAllister. T , In t .  J .  Mass Spectrom / o n  
Phys.. 8 ,  162 (1972).  

(1126) lbid.. 9. 127 11972) 
(1127) /bid.. 10. 419 (19721731 
(1128, McAllister T I  J .  Chem P h y s ,  56 .  5192 

(1 972) .  
(1129) McAl!ister, T , J. Chem. SOC.. Chem. 

Commun.. 245 (1972) 
;1130) McCloskey, 1 A ,  Futrell, J. H , Elm- 

wood. T A ,  Schram, K H , Panzica. R 
P ,  Townsend, L. B J Amer. Chem 
SOC.. 95, 5762 11973) 

(1131) McCrea, J M , 20th Annu Conf Mass 
Spectrom. Allied Topics, Dallas, Texas, 
June 1972, Paper No S-5 

(11321 McFadden. W. H , "Techniques of  Com. 
bined Gas Chromatography-Mass Spec- 

2 8 2 R  * A N A L Y T I C A L  CHEMISTRY, V O L .  46, NO. 5,  A P R I L  1974 



(1133 

(11341 

(11351 

(1136) 

(1 1371 

(11381 

(11391 

(11401 

141) 

142) 

143) 

(1144) 

(1145) 

111461 

(1147) 

(11481 

(1149) 

(1150) 

(11511 
(1152) 

(11531 

(1154) 

(1155) 

(11561 

(1  157)  

(11581 

(1159) 

(1160) 

(1161) 

(1162) 

(1163) 

(11641 

(1165) 

(11661 

trometry. Applications in Organic Analy- 
sis,' Wiley-lnterscience, New York. 
N.Y , 1973. 
McGuire, J. M . ,  Alford, A. L ,  Carter, M 
H , 20th Annu Conf. Mass Spectrom. AI- 
lied Topics, Dallas, Texas, June 1972, 
Paper No R-6 
Mclnteer, B. B , Proc. Seminar on Uses 
of Stable Isotopes in Ciinicai Pharmacol- 
ogy, P D Klein, Ed , U S. Atomic Ener- 

Commission. Oak Ridge. Tenn., 1972, ?, " n  p I J L  

Mclver R T., Jr . ,  Rev. Sci Instrum., 41, 
555 119701. 
Mclver, R T I  Jr , Dunbar. R C.. int .  J 
Mass Spectrom Ion Phys., 7, 471 
(1971) 
Mclver, R T I  Jr..  Silvers, J H , J Amer. 
Chem SOC , 95.8462 (1973) 
McLafferty, F W.,  personal cornmunica- 
tion, Sept 1964 
McLafferty, F U., "Interpretation of 
Mass Spectra," h' A. Benjamin, Inc. ,  
Reading, M a s s ,  1973 
McLafferty. F W. Bente, P F. .  Korn- 
feld. R . ,  Tsai. S.-C , Howe, I . ,  J. Amer. 
Chem. SOC., 95, 21:!0 (1973) 
McLafferty, F W , Kornfeld. R , Haddon, 
W. F , Levsen, K ,  Sakai, 1 ,  Bente, P. 
F , I l l ,  Tsai, S -C , Schuddernage, H. D .  
R , ibid..  p 3886 
McLafferty, F. W , Michnowicz, J. A. ,  
Venkataraghavan, R Rogerson. P I  
Giessner. B. G , Ana/. Chem.. 44, 2282 
(1972) 
McLafferty, F W Okamoto. J , Tsuy- 
ama. H , Nakalima. Y.. Noda, T , Malor, 
H w Org Mass Spectrom.. 2, 751 
( 1  969) 
McLafferty F W.. Sakai, I , ibid.. 7, 971 
(19731 
McLafferty. F W Venkataraghavan, R , 
Kwok,  K -S , Pesyna, G.. 6th In! Conf 
Mass Spectrorn , Edinburgh. Sept. 1973 
"Advances in Mass Spectrometry," Vol 
6.  A R West, Ed., 'n press. 
McMahon. T B , E,eauchamp, J. L . ,  Rev. 
S o  Instrum 42, 1632 (1971) 
McMahon. T B , Blint, R J , Ridge, D. 
P I  Beauchamp, J L J. Amer. Chem. 
Soc. ,  94. 8934 (1972) 
Naccarato. W F , Gelrnan. R A, ,  Kaw- 
alek. J C . Gilbertson, J.  R , Lipids, 7, 
275 (1972) 
Nagai. M , Tanaka, N.. Tanaka, 0 . .  lchi- 
kawa, S ,  Chem. Pharm. Bu/ / . ,  21, 2061 
(19731 
Nagatani. T , Yosihara K , Shiokawa. T , 
Buli Chem SOC. Jap., 46, 1306 (1973).  
/ b i d ,  p 1450 
Nakamure. G R , Noguchi, T T , Jack- 
son D Banks. D Ana !  Chem.. 44, 408 
(1972) 
Nakata. H , Tatematsu, A , Yoshizumi. 
H Naga. S . J. Chem S o c ,  Perkin 
Trans 7 .  1924 (19 i21  
Naranjc J , Pinar. M , Hesse, M 
Schmid. H , Hell. Chrm. Acta. 55. 752 
(1972) 
Narasimhachari, N Biochem Biophys. 
Res. Cominun.  55, 231 (1973) .  
Narasimhachari, N , Himwich, H. E ,  Life 
sct , 12. 475 (1973) 
Narasirnhachari. N . Lin, R -L.,  Plaut, J . ,  
Leiner. K ./ Chromatogr., 86, 123 
(1973) 
Narasimhachari, N , Vining, L. C , J. An- 
tibiot.. 25, 155 (1972) 
Narasimhachari. N , Vouros, P., Ana/ 
Biochem.. 45, 154 (1972) 
Narayanan. C R . .  Lala, A K . Org. Mass 
Spectrom 6, 119 11972) 
Naruse. M , Hirano, K , IKawai, S . .  Ohno, 
T I  Masada, Y , Hashimoto, K , J .  Chro- 
matogr 82, 331 (1973) 
Nau, H Kelley, -1 A , Biemann. K , J .  
Amer Chem Soc . 95,  7162 (1973).  
Neeter. R Nibbering. N M M , Tetrahe- 
dron. 28. 2575 (1972) 
Neeter. R , Nibbering, N. M M. ,  Org. 
MassSpecrrom. 7 ,  1091 (1973) 
Nelson, D R , SLkkestad. D .  R . ,  Zayl- 
skie. R G , J Lipid Res., 13, 413 
(1972) 
Nibbering N M M , Tetrahedron, 29, 
385 (1973) 

(1167) 

(1168) 

(1169) 

(1 170) 

(1171) 

(1 172) 

(1173) 

(1174) 

(1175) 

(1176) 

(1177) 

(1178) 

(1179) 

(1180) 

(1181) 

(1182) 

(1183) 

(1184) 

(1185) 

(1186) 

(1187) 

(1188) 

(1169) 

(1190) 

(1191) 

(1192) 

(1193) 

(1194) 

(11951 

(1196) 

111971 

(1198) 

(11991 

(1  200) 

(1201) 

(1  202) 

(1  203) 

(1204) 

Nishimura, H , Tahara, S.. Okuyarna, H , 
Mizutani, J , / b id . .  28. 4503 (1972) 
Noll, E. W.. Doisy, E A, ,  Elliott, W. H , 
J. LipidRes., 14, 391 (1973) .  
Nornura. Y. ,  Furusaki, F , Takeushi, Y . ,  
J. Org. Chem.. 37, 502 (1972) 
Nooner. D W.,  Oro. J . ,  Cerbulis, J . ,  Lip- 
ids, 8, 489 (1973).  
Nordstrom, C. G., Kroneld, T.. Acta 
Chem. Scand., 26,2237 (1972) 
Novotny, M. .  Janak, J.,  Chem. Lis ty ,  66, 
693 (1972) 
Novotny M Segura R Zlatkis A 
Ana/ Chem 44. 9 119721 
Novotny, M , Zla<kis, A,. Chromatogr. 
Rev., 14, 1 (1971) 
Nowicki, H. G. .  Hossein Dialarneh, G , 

Olsen, R .  E., Biochemistry, 11, 896 
(1972) 
Occolowitz, J. L., Cerimeie, B J , 20th 
Annu. Conf. Mass Spectrom. Allied Top- 
ics. Dallas, Texas, June 1972, Paper No 
F-5 
Odiorne, T .  J , Desiderio, D M . ,  Ana!. 
Chem., 44, 1925 (1972). 
Odiorne, T.  J , Harvey, D. J . ,  Vouros, P., 
J. Phys. Chem., 76, 321 7 (1 972).  
Ogata. K. .  Hayakawa. T.. Ed., "Recent 
Developments in Mass Spectroscopy," 
University Park Press, Baltimore. 1970 
Ogura, K . ,  Koyama, T.. Seto, S . ,  J 
Amer. Chem. Soc.. 94, 307 (1972) 
Ohara, K . .  Ohta, Y., Hirose, Y , Buh 
Chem. SOC. Jap.. 46,641 (1973) 
Ohashi, Y , Abe, H.. Ito. Y.. Agr Biol. 
Chem.. 37, 2283 (1973).  
Ohashi, Y , Kawabe. S., Kono, T.. Ito. Y. ,  
ibid., p 2379 
Okada, K.. Uvehara, T. ,  Hiramoto, M . ,  
Kat0 H , suzuki, T.. Chem. Pharm. BuI; 
21,2217 (1973) 
Oldfield, E , J. Chem. SOC., Chem. Com- 
mum. 719 119721 

~I 

O'Malley. k .  M . ,  Jennings. K.  R , Bow- 
ers, M .  T , Anicich, V. G . ,  Int. J. Mass 
Spectrom. /on Phys.. 11, 89 (1973) 
Onda, M , Konda, Y , Narimatsu. Y.. 
Omura. S , Hata, T , Chem. Pharm. Bull., 
21, 2048 (1973) 
Organic Mass Spectrometry. Heyden & 
Son, Ltd , London. 
Orlov. V M . ,  Varshavsky, Y .  M , Kir- 
yushkin. A A,, Org. Mass Spectrom., 6, 
9 (19721 
Oron, M , Paiss, Y , Rev. Scl. Instrum., 
44, 1293 (1973) 
Osberghaus. 0 , Ottinger. C H , Phys. 
L e t t .  16, 121 (1965) 
Oswald, E 0 , Fishbein, L. ,  Corbett. B 
J . Walker. M. P , J. Chromatogr., 73. 43 
(1972) .  
Ott. D G , Gregg, C T ,  Kerr, V Koll- 
man, V H , Whaiey, T W ,  Annu. Report 
of the Biological and Medical Research 
Group. 1971, LOS Alamos Scientit!c Lab- 
oratory Report LA-4923-PR, Los Alamos. 
N M , 1973 
Ottinger. C H..  Z. Naturforsch. A, 22, 20 
(1967).  
Ovchinnikov, Yu .  A , Kiryushkin. A A, ,  
FEBS Lett., 21 ,  300 (1972) 
Owen. T R .  E , Pringle. I .  R , J. Phys. €: 
Sci. Instrum , 5,  854 (1972) 
Page, R P , Nowak, A V , Wertzler, R . .  
Ana/ Cnem.. 45, 994 (1973).  
Pallotta. U , Afinidad. 29, 7087, I 1 0 3  
(1972) 
Palmer. L , Bertilsson. L , Collste, P , 

Rawlins, M . .  Clin. Pharmacal. Ther.. 14, 
827 (1973) 
Pandey. R C.. Narasimhacharl, N . ,  Rine- 
hart K L , Millington, D S. .  J. Amer. 
Chem. SOC.. 94.4306 (1972) 
Pape. B. E , Zabik, M J , J. Agr. Food 
Chem.. 20, 72 (1972). 
Paquin, R . ,  Baril, M . ,  20th Annu. Conf 
Mass Spectrom Allied Topics, Dallas. 
Texas, June 1972, Paper No 0-3 
Porter. 0. N.. Boldas, J . ,  "Mass Spec- 
trometry of  Heterocyclic Compounds, a 
vol. in General Heterocyclic Chemistry 
Series. A Weissberger. E. Taylor, Ed 
Wiiey-lnterscience, New York, N Y . ,  
1971, 
Parker, C E ,  Rursey. M M , Pedersen. 
L. G , Org Mass. Spectroin.. 7, 1077 
(1973) 

(1205) 

(1  206) 

(1207) 

(1  208) 

(1209) 

(1210) 

(1211) 

(1212) 

11213) 

(1214)' 

(12151 
(1276) 

11217) 

(12181 

(1219) 

(1 220) 

(1221) 

(12223 

(1223) 

(1 224) 

(1225) 

(1226) 

(1227) 

(1  228) 

(1229) 

(1230) 

(1231) 

11232) 

(1233) 

(1  234) 

(1235) 

(1236) 

(1237) 

11238) 

(1239) 

(1240) 

Parker, C E ,  Haas. J R.. Bursey, M 
M , Pedersen. L G , ibid., p 1189 
Parker, C W , Letharn. D S.,  Cowley, D 
E., MacLeod, J K. ,  Summ. lnt.  Symp 
Mass Spectrom. in Biochern. and Med.. 
lstituto "Mario Negri," Milan, Italy. May 
1973, p 41 
Parker, R .  G . ,  Sirnmonds. H. A ,  Jones, 
A. S., Snedden, W , Biochem. Pharma- 
COI . ,  22, 2869 (1973) 
Pasanen, P.. Pihlaja. K , Tetrahedrcn. 
28, 2617 (1972). 
Patil, G V , Hamilton. R .  E , Day, R.  A , 
Org. Mass Spectrom., 7, 817 (1973). 
Pattenden. G , Crombie, L , Hemesley, 
P., ibid.. p 719. 
Pauison. G. D., Zaylskie, R .  G.. Dockter, 
M.  M . ,  Ana/. Chem.. 45, 21 (1973) 
Payzant, J .  D.. Cunningham, A J . ,  Ke- 
barle, P., Can. J .  Chem., 51, 3242 
(1973) 
Payzant, J, D . Yarndagni, R , Kebarie, 
P., ibid.. 49, 3308 (1971) 
Pechine. J M., Org. Mass Spectrom., 5,  
705 (1971). 
/bid., 6, 805 (1972) 
Pelharn. R W., Ralph, C. L.,  Campbell, ! .  
M , Biochem. Biophys. Res. Commun , 
46, 1236'(1972). 
Pellizzari, E.  D.. O'Neil, E S , Farmer, R .  
W. ,  Fabre L F . ,  Ciin. Chem , 19. 248 
(1973).  
Pelster, D R . .  Watson, J T I  21st Annu. 
Conf Mass Spectrorn. Allied Topics, San 
Francisco Ca l i f .  May 1973, Paper No. 
C-6 
Peng. S . - K .  Ho, K -J., Mikkelson. 13 
Taylor. C B , Atheroscierosis. 18. 197 
(1973) 
Peng, S - V .  i i o ,  Y -J , Taylor, C 1 3 ,  
Arch. Pathoi.. 94, 81 (1972) 
Penman, P. Rees, D A. J. Chem. S O C ,  
Perkin Trans 7 .  2188 (1973) 
Pereira, W E Hoyano, Y , Reynolds, 'bV 
E., Summon:$ H E Duffield, A hA 
Ana/ BiocherP 55. 236 (1  973).  
Pettersen J E Jelluw, E Eldjarn. L , 
C/!n Chim. Acta.  38, 17 (1972) 
Pettersen. J E . Landaas S . .  Eldjarn. L , 
ibid.. 48, 213 (1973) 
Pettersen, J E , S t o k w  0 . .  Biochim. 
Biophys. Acta. 304, 316 (7973) 
Peypoux, F , Guinand. M Miohel. G 
Delcambe i .  Das, e.  C,.. Varenne P 
Lederer, i Teirahednri. 29. 3455 
(1973) 
Pfeifer, J -2  , Fai,ck. A M. Burlingame, 
A L. ,  In ! .  J .  M ~ S S  Snec!rom. Ion Phys., 
11. 345 (1973).  

Pignataro. S I  Manc i i . .  ./ . innorte. 13 , 
DiStefano, G , 2.  Na!u i lowcn.  A ,  27. 531 
(1972) 
PitkHnen. E , Ciin Ohir- A c ! ~  48. 759 
(1973) 
Pittsburgh Conference 00 Rna!yti':ai 
Chemistry and Applieo Soez!roscoi 
Cleveland Ohio. Marct- 1973 (1 
stracts) 
Plasse J -C L sboa 5 P t l d r  G < c -  
chem 39, 443 449 (1973) 
POlan M L McMurra) W J L I ~ S K V  
S R Lande S J Amer Cheiv Scc 
94,2847 I 1972'  
Polanyi J C E6 Che-ii!:al K 1 0 c . i ~ ~  
MiP Int Review of  Science P b ~ s  
Chem Series 1 Voi 9 Butterwortri 5 
London University Park Press Balv- 
more 1972 
Pollock, G E Ana/ Chem,  44. E34 
(19721 
Poltz J Jacob J Z Naturforscn C 
28, 449 (1973) 
Pook K H Proc Int Symposium oil 
Gas Chromatography-Mass Spectrome- 
try Isle of Elba italy May 1972 A Frig- 
erio Ed Tamburini Editore Milan p 
177 
Popov S Eadon. G Djerassi C J 
Org Chem 37. 155 (1972) 

A N A L Y T I C A L  CHEMISTRY, VOL. 46, NO. 5, A P R I L  1974 * 28313 



(1241) Porter. Q N , Self, A. E., Aust. J. Chem., don, University Park Press, Baltimore. p 
25. 523 (19721 103 

(1242) Potapov. V K , Kardash, I .  E., Sorokin, (1278) Robertson, D. H. ,  Cavagnaro. J . ,  Holz, J .  
V V . .  Solokov. S A , Evlasheva, T. I . ,  B ,  Merritt. C.,  Jr . ,  20th Annu. Conf. 
Khim. Vys. Energ.. 6, 392 (1972) Mass Spectrom Allied Topics, Dallas, 

(1243) Potter. W E..  Mauersberger. K , Rev. Texas, June 1972, Paper No. R-3 
Sci instrum., 43, 1327 (1972).  (1279) Robertson, D. H , Merritt, C , Jr , 6th Int 

(1244) Pottie, R F . .  Cocke, D L.. Gingerich, K .  Conf Mass Spectrom.. Edinburgh, Sept. 
A , int  J.  Mass Spectrom. /on Phys., 11, 1973, "Advances in Mass Spectrometry," 
41 (1973) Vol. 6, A R. West, Ed.. in press. 

(1245) Powell, R G. ,  Weisieder, D.. Smith. C. (1280) Robinson, D. S . .  Eagles, J . ,  Self, R., Car- 
R . J. Pharm. SCi., 61, 1227 (1972) bohyd. Res., 26, 204 (1973).  

(1246) Praet. M - T I  Delwich, J,  P., Int. J. Mass (1281) Robinson, P. J . ,  Holbrook, K A , "Uni- 
Spectrom /on  Phys.. 12,  193 (1973) molecuiar Reactions," Wiley-lnter- 

(1247) Prakasa Rao. N .  S . .  Ramachandra Row, science, London, 1972 
L I Brown. R T , Phyfochemistry, 12. 671 (1282) Roder. E ,  Stuthe, W , Fresenius' 2. 
(1973).  Anal. Chem.. 266, 361 (1973). 

(1246) Price, D ,  "Dynamic Mass Spectrome- (1283) Rodriguez, E . ,  Carman, N. J . ,  Van der 
try." Vol 3. D Price. Ed., Heyden & Velde, G. ,  McReynolUs, J .  H., Mabry, T 
Son, Ltd.. London, England, 1972. J . ,  Irwin. M .  A , Geissman. T. A , Phyto- 

(1249) Proc Fourth Lunar Sci. Conf., Houston, chemistry, 11, 3509 (1972) 
March. 1973, Geochim. Cosmochim. (1284) Roepstorff, P I  Brunfeldt, K . ,  FEES Lett., 

(1250) Prox, A ,  Xenobiotica. 3, 473 (1973). (1285) Rohwedder, W. K . ,  Lipids, 6, 906 (1971) 
(1251) Puzo. G . Prome, J. C.,  Tetrahedron, 29, (1286) Rollgen, F .  W , Beckey, H.  D , Ber. Bun- 

senges Phys. Chem., 7 6 , 6 6 1  (1972) 
(1252) Raal. A , Stallberg, G . ,  Stenhagen, E.. 1287) Roilgen. F W. ,  Beckey. H. D.. Z. Phys. 

Acra. Suppl 4, Vols 1-3, 1973. 21, 320 (1972). 

3619 (1973) 

Chem. Scrmta. 3. 125 11973) Chem.. N F .  82.  161 119721. 
(1253) Rama Rao A V Rathi S S Venka- 

tararnan K indian J Chem 10, 989 
(19721 

(12541 Rang S A Eizen 0 G Polyakova A 
A Lbkashenko I M Brodskii E S 
Mjur isepp M A Siniyarv R K Vyal- 
imets M T Tiikmaa T V Zh Org 
Khim 8, 1993 (1972) 

d Exper ent ia  29. 953 (1973) 
(1255) Rao G S Khanna K L Cornish H 

112561 Ravindranath B Seshadr, T R Phyto- 

(1316) Sahini, V. E , Podina, C.,  Strul. M.. Rev. 
Roum. Chim.. 18, 1283 (1973). 

(1317) Saito, K , Gamo, M . .  Biochim. Biophys. 
Acta. 260, 164 (1972) 

(1318) Sanders, J H . ,  Wapstra, A H., Proc 4th 
int. Conf. Atomic Masses 8 Fundamen- 
tal Constants, Teddington. England, Sept. 
1971, "Atomic Masses and Fundamental 
Constants 4,"  Pienurn Press, London, En- 
gland, 1972. 

(1319) Sarrazin, M . ,  Salmona. G..  Galy, J.-P.,  
Vincent, E.-J , C. R. Acad. Sci., Paris, 
Ser. C, 277, 303 (1973) 

(1320) Scheppele. S. E , Mitchum. R. K. .  Kin- 
neberg, K .  F . ,  Meisels, G. G.. Emmel, R .  
M . ,  J. Arner Chem. SOC., 95, 5105 
11973). 

(1321) Scheppele. S E.. Mitchum. R.  K ,  Ru- 
dolph, C. J , Kinnebzrg, K. F . ,  Odell. G .  
V . ,  Lipids, 7 ,  297 (1972).  

(1322) Schier, G.  M . ,  Korth. J . ,  Haipern, B. ,  Tet- 
rahedron Let t .  4621 (1972) 

(1323) Schiller, H . ,  Fette, Seifen, Anstrichm., 

(1324) Schlunegger, U P., Leuthdold, R H . ,  In-  

(1325) Schmid. R D , Tetrahedron, 28,  3259 

75, 145 (1973) 

sect6iochem..  2, 150 (1972).  

11972) 
1288) Rollgen, F.  W.,  Beckey,' H. D , i n t .  J. (1326) Schmid. R .  D , Mues. R . ,  McReynolds. J .  

Mass Spectrom. /on Phys., in press. H , Veide, G V.,  Nakatani. N , Rodri- 
1289) Roncucci, R . ,  Simon, M.-J , Gillet, C. L. ,  guez, E . Mabry. T. J. ,  Phytochemistry, 

Lambelin. G. ,  Kaisin, M. .  Proc int .  Sym- 12, 2765 (1973) .  
posium on Gas Chromatography-Mass (1327) Schmid, R D , Varenne P., Paris, R ,  
Spectrometry, Isle of Elba, Italy. May 
1972, A Frigerio. Ed , Tamburini Editore. (1328) Schoelier D A,, Hayes, J .  M . ,  MacPher- 
Milan. p 433. son, C A , Biakely, R.  F . ,  Meinschein, 

Tetrahedron. 28, 5037 (1972) 

1290) Rosenberg A , Bregman-Reisler H 
Amiei S In1 J Mass Spectrom ion 
Phys 11, 433 (1973) 

chemJstry 12. 2181 (1973) (1291) Rosenstock H M Larkins J T Walk- 
(1257) R e x  R I Crq Mass Spec'rom 7 ,  er J A (bid o 309 

1013 (1973) (1292) Rosenstock, H M. ,  Wallenstein. M .  B , 

(12561 Peeher. J R ,  Svec. t3 J 2Tst , A n n u .  Wahrhaftig, A L ,  Eyring, H , Proc Nat. 
Conf Mass Spectrorn Allied Top!cs. San Acad. Sci. U.S., 38, 667 (1952) 
Francisco. C a l i f ,  May 1973 Paper No (1293) Rosenthai, D , Bursey, J T . ,  20th Annu 
S-6 Conf Mass Spectrom Allied Topics, Dal- 

tions of  Mass Spectrornetry." G R Wai- (1294) Rostovtseva, L I . ,  Kiryushkin, A A , 

ler. Ed , Wiley-lntepscience. New York, Org Mass Specrrom.. 6 ,  1 (1972) 
N Y 1972, p723  (1295) Rotman, A..  Mandelbaum. A,,  Mazur. Y . .  

(12601 Reid. R Nelson. E. C.. Mitchell, E D . .  Tetrahedron. 29, 1303 (1973) 
McGregor. M L , Waller. G R , John. K (1296) Rowlands, R J . ,  Lindley, H , BiGChem. 
V . i i o ids .  8, 556 (1973) 

(1261) Reimendai, R , Sjovakl, J , Anal. Chem.. (1297) Royer, M , Foote. J L , Chem. Phys. Lip- 
44.  21 (19723 

(1262)  /m 45 .  i c e 3  119731 (1298) Rueppel, M L ,  Rapoport, H I  J .  Amer. 
11263) Reinsr E , ri,chS. J J , Chromatogfa- Chem. Soc.. 93, 7021 (1971) 

ul l ia  5 ,  sa0 11974; (1299) Russell, G B ,  Fenemore. P G I  Horn, 
(12641 Reinhold. ?; 'Y Giemann, K , 21st Annu D H S , Middleton, E J , Aust.  J .  

Cont  '\lass S.icctrom Allied Topics, San Chem.. 25, 1935 (1972).  
f , May 1973. Paper No ,13001 Russell, G 6. .  Fraser, J .  G , ibid.. 26,  

(1259) Regnier F E in "Biocbemical Applica- !as, Texas, June 1972, Paper No T-4 

J . .  126, 683 (1972) 

ids. 7 ,  266 (1971) 

O l  1805 (1973) 
11265 Re i i neka r~p  E Perry W 0 Cooks (1301) Ryan J F Biros F J , 21st Annu 

R G ,~ r '~e r  Chem Soc 94. 4985 Conf Mass Spectrom Allied Topics San 
11972 Francisco Calif Mav 1973 Paoer No 

a - 7  
(1302) Ryan. J J , Dupont, J A ,  J .  Agr. Food 

Chem.. 21. 45 (19731 
(1303) Ryan, P W Futreil, J. H , Vestai. M L , 

Chem Phys Lett.. 18,  329 (1973) 
(1304) Rydberg. U , Buijten. J .  C , J. Chroma- 

:ogr.. 64, 170 (1972) .  
(1305) Ryhage. R . Quart. Rev. Biophys.. 6, 311 

(1  973) 
7 .  479 (1973) (1306) Ryhage. R ,  6th lnt Conf Mass Spec- 

I 1271i  P,mpler r Arch Pharm.. (Weinheim) f r o m ,  Edinburgh, Sept 1973. "Advances 
305. 746 (1972) in Mass Spectrometry,' '  Vol 6. A R 

,1272, Rinehart K L J r ,  Cook J C ,  J r . ,  West, Ed , in press 
Maurer d H Rapp, U , 2151 Annu (1307) Ryhage, R . ,  Stenhagen, E ,  J .  Lipid Res 
Conf Mass Spectrom Allied Topics. San 1. 361 (1960) 
Francisco C a 8 i f .  May 1973, Paper No !1306) Rylander. P N , Meyerson. E S , J 
"-6 Arner Chem SOC.,  78, 5799 (1956) 

(12731 Pisebrougn. R W . Burlingame. A L , Si- (1309) Safe, S . Org Mass Spectrom , 7 ,  1329 
Tonerr B R , in ' Environmental Chemis- 11973) 
try G Eglinton Sr Reporter, Vol 1 .  (1310) Safe. S , Hutzinger. 0.. Cook, M , J .  
The Chemical Society, Burlington House, Chem Soc Chem. Commun.. 260 
London in preparation. (1972) .  

J Dmer. Chem. Soc. 95.4066 (1973) Org Mass Speclrom.. 7 ,  169 (1973) 

' rom. 7. 1153 (1973) Cook, M. .  ibid.. p 217. 

v\ii!Iiams. D H , J. Chem. Soc..  Chem. i b id .  6, 33 119721 
Commun 772 (1973) (1314) Safe, S , Taylor, A , J .  Chem. Soc. Per- 

etry A Maccoll. Ed , MTP int Rev (1315) Saferstein. R. .  Chao, J -M , J .  Ass. Otfic 
Sci , Series 1 .  Vol  5 ,  Butterworth's, Lon- Anal. Chem. 56. 1234 (1973) 

115'741 Riveros. J M Breda, A C.,  Blair. L. K (13111 Safe. S , Hutzinger, 0.. Jamieson, W D 

;!2751 Roboiani. R 

(1276) Roberts. P J . Kennard. O . ,  Smith. K A , (1313) Safe, S , Jamieson, W D , Hutzinger. 0 

Seibl, J , Org. Mass Spec- (1312) Safe, S , Hutzinger. 0 ,  Jamieson, W D , 

(12771 Robertson A J B ,  in 'Mass Spectrom- k in  Trans. 7 .  472 (1972) 

W G , 20th Annu. Conf Mass Spectrom. 
Allied Topics, Dallas, Texas. June 1972. 
PaDer No. M-6 

(1329) Suzuki. M . ,  J. Org. Synfh. Chem. (Japan). 
30, 784 (1972).  

(1330) Schomburg, G , Ziegler, E., Chromafo- 
graphfa. 5 ,  96 (1972). 

(1331) Schopp. E ,  Hesse, M . ,  Heiv. Chim. 
Acta, 56, 124 (1973) 

(.1332) Schuller, D , Harke, H.-P., Org. Mass 
Spectrom., 7, 639 (1973).  

(1333) Schulten H -R , Beckey, H. D , ibid.. 6 ,  
885 (1972) 

(1334) Schulten H -R Beckey. H D 20th 
Annu Conf Mass Soectrom Ailied Too- 
ics. Dallas, Texas, June 1972, Paper NO. 
G-3 

(1335) Schulten, H -R , Beckey, H D , Org. 
Mass Spectrom., 7 ,  861 (1973) 

(1336) Schulten. H.-R , Beckey, H D.. J. Agr. 
FoodChem 21,  372 (1973) 

(1337) Schulten, H . - R ,  Beckey, H. D., 21st 
Annu Conf Mass Spectrom Allied Top- 
ics, San Francisco. Calif.. May 1973, 
Paper No P-6 

(1338) Schuiten. H - R ,  Beckey, H. D . .  6th lnt  
Conf. Mass Spectrom.. Edinburgh, Sept. 
1973, "Advances in Mass Spectrometry." 
Vol 6.  A. R .  West. Ed , in press. 

11339) Schulten, H -R , ,  Beckey. H. D , J. Chro- 
matogr.. 83. 315 (1973).  

(1340) Scbulten. H - R ,  Beckey, H. D .  Bessell, 
E M Foster, A E. ,  Jarman, M , West- 
wood, J .  H , J. Chem. SOC., Chem. Com- 
mun 416 (1973) 

(1341) Schulten H -R  Beckey H D Boer- 
boom A J H Meuzeiaar H L C 
Ana/ Chem 45, 2358 (1973) 

(1342) Schuiten H R Beckey H D Eckard 
G Doss S H Tetrahedron in o r e s  

(1343) Schulten H R Beckey H D Menze- 
laar H L C Boerboom A J H Ana/ 
Chem 45. 191 (1973) 

(1344) Schulten H -R Prinz H Beckey H 
D Tornberg W Klein W Korte F 
Chemosphere 2, 23 (1973) 

(1345) Schwarz H Bohimann F Tetrahedron 
Lett 1899 (1972) 

(1346) Schwarz H Bohlmann F Org Mass 
Spectrom 7 ,  23 (1973) 

(1347) /b id p 29 
(1346) /b id p395  
(1349) Schwarz H Koppel C Bohlmann F 

ib id p1211 
(1350) Scolnick A C Scott A C Aberth W 

H Anbar M 21st Annu Conf Mass 
Spectrom All ed Topics San Francisco 
Calif May1973 Paper No 0 -10  

(1351) Scott B W Voorhies G 20th Annu 
Conf Mass Spectrom Allied Topics Dal- 
las Texas June 1972 Paper No 0-11  

2 8 4 R  A N A L Y T I C A L  CHEMISTRY, VOL. 46, N O .  5 ,  A P R I L  1974  



G Burlingame A L Arch Environ F J Compton R tu i b d  56 3336 
G 20th Annu Conf Mass Spectrom AI Contam roxicoi  1 193 (1973) 119721 
lied Topics Dallas Texas June 1972 (13891 Singy G A Buchs A Helv Chim (1427) Stoffel W Hanfland P hoppe-beyier S 
Paper No R-8 Acta 56,  449 (1973) Z Physioi Chem 354 21 (1973) 

(1353) Sedvall G Mayevsky b Fr C - G  (1390) /biU p1395 (1428) Stokke G Jellum t Eldlarn Schn, 
tler R Clin C h i p  Acid 45 39 Sjoquist B Samuel D i i ?  Advances in (1391) Sioumis A A Vashist V N Aust 

Biochemical Psychopharmacology '101 Chem 25, 2251 (19721 ( 1  973) 
7 E Costa B Holmstedt Ed Raven (13921 SiOqUist B A w a r d  E Ana/ Chem (1429) Stoil M s Elder C H Games C t 
Press New York N Y 1913 p 5 7  44 2297 (1972) 0 Hanlon P Mill ingtor D b Jacksor 

(1354) Sen Sharma D r( Franklin J L J (1393) Sloqtiist B Dailey J Sedvall G A H Biochem J 131 429 11973 
Amer Chem SOC 95, 6562 (1973) Anggard E J NeUrOChem 20, 729 (1430) Stor, M S 20th A n n u  Conf Mas: 

(1355) Senzel A J Ed Instrumentation in 11973, Spectrom Allied Topics Dallas 'exac 
Analytical Chemistrf series 01 articles (1394) Skinner R F 21st Annu Conf Mass June 1972 Paper No h" 2 
collecteo from Anal Chem Vol 41-44 Spectrom Allied Topics San Francisco 11431) Strong J M Atk nson A I J fine 
American Chemical Socieiy Washington Calif May 1973 Paper No L-10 C h e r  44. 2287 ('9721 
D C  1973 (1395) Skinner R Gallaher E G Pred- (1432) Strunz G M Kakushima M 5tiiI%eil 

F Khim V y s  €nerg 6 ,2 '  11972) (1975' 2280 11972, 

(1352) Scott W M Maxwell D C Ridley R 

11356 Sergeeb J L Akopjan M E Vilesov n o r e  D B Anal  Chem 45, 574 td A 
dl Chem SOC ?e kin i rdns 

(1357) Shackleton C h - Gustafsson J A \13961 Smitn A G Rubinstein i Goad L ,1433) su Bowers ! Ar17r 

SOC 95, '370 (1073 Mitchel F L A c t i  Endocrinol (Copen- Biochern J 135, 443 (1  9731 
hagen) 74. 157 19'; (13971 Smitr D H Anal  Chem 44 536 ,,434) 7605 

S Ana/ Chern 45 2341 1973 

Chem 37,3168 11972 

Amer Chem SOC 88.507'  (1966) 

Mass Spectrom /on Phys 9. 427 Feigenbaum E A Lederberg J Djer-  3312 11973 
(1972 assi C ibid 94. 5962 (1972 

co i  8 208 11972) 

E Org Mass Spect rov  6 .  873 (1972, (1973 

Chem 38 3545 (1977 

(1358, Shddof' . A Kallos G J Woods J ( 1  972, 
(1398) Smith D k Buchanan B G Engel- (1435) "" p 7 6 1  

Adlercreutz D,erassl (1436\ SU Bowers td - J %pi + n v ~  ( '3591 Shafizadeh F Bhadane h R J Org 58. 3027 (1973 

11360) Shannon W McLaffertv F W 119731 
95' 6078 (1437) SU T Kevaa -1 Phys 2nerr 7- 

(1399) Smith D h Buchanan B G Engel- 

113611 Sharp E Eyler J R Ellen L int J Goto M Bul l  Chen 5 IC J d L  46 

(13621 Shaw 3 G Buii Fnviror Contam Toxr (14001 Smith D h Buchanan B G White Sull ivar Due ' McMahor 

(1363) Shaw S J Shannon P V R Collins Djerassi C Tetraheoron 29, 311' 

11364) Sheikb Y b' D erasst 5 Org (1401) Smitb D H Duffield A M Djerass 

(13651 She kk \i bJ Liedtke R J Duffield A 11402\ Smith D H Glser P \+ Wal s F :: 
M Djerass C Can J Chem 50 Burlingame A - Ana C h e r  43 1796 (1442i  Sun T Pedder ci Fale t- hi 
2776 '1972 (1971 

113661 She kb \ h" 'urscl- E l  M Djerassi ,1403, Smith D Futrell J F 20tn A n n L  114431 SuvorOi A - TrebukhoLw '' 
C J Arner tChf>m Soc 94, 3276 Conf Mass Spectrom Allied Topics Dai- LISP FIT h'aiik 107 657 1'972 
1972 las ~~~~s june1g72  PaperNo S-12 1444, S L Z U ~ ~  T MatSJi s Tuzimura 49 

(1367) Shermo J Crit Rev Anal Chem 3. (1404) Smith D i Futrell I) H lni J Mass 
299 (19731 Spectrom / o n  Phys 10, 405 (1972 73) 114451 Svensson L - A  Acta CheT1 Scdnd 2 0  

11368 Shiga T Yamoaka H Arakawa K (14051 Smith D M Glennie G W Harborne 
Sugiura Bu/ /  Cherr SOC Jap 45 J B Phytochemistry 10 3115 119711 (1446) Sweetmar B Q Frolich : Wa'sor 
2065 11972 (14061 Smith 0 S H Turner A B Mackie J T PrJStagiandi7S 3 75 3973 

11369 Shikhmamedbokovd A Z Asianov F A M J Chem SOC Perkin Traf is  i 114471 Sweetman B Warsor T Sarr k' 
A Balramov V M Gadzh ev Mame 1745 (1973 
dov I M Azerb K n i m  Z -  7 (19701 (1407) Snedden LV Parker R B Ana' 11448) 

A lsmailzade ! G Mamedov , Ivl (14081 Snyder R E J Chromatogr S, 10, (1449) Szab? Derrick d in  J Mas< 
Bairamov V M Ctulamova T E ib id 487 (1972) Specrrom /on  Phvr 7 55 1197' 
31 I1972 (1409) Solomon J J Field F H J Amer 11450) Taagepera N Wenderson W G 

1371) Shimizu V J Anier CPem Soc 94 Chem Soc 95.4483 (1973) Brownlee R - C J Amer Cren, 
4051 11972 11410, Spence D Schulz G J J Chem SOC 94 1369 11972 

(1372, Shirley D A Ed Electron Spectrosco- Phys 58, 1800 (19731 (14511 Tajima S h iNa  Y Wasada N rsil 
py North Holland Pub lshng Co Am (1411) Spencer G F Tallert M h J Amer chiya T Bur Chem Soc Jap 45, 
slerdam 1972 Pro: In+ Conf Asilomar Oii Chem SOC 50, 202 (19731 1250 I l 3 7 2 i  
Paci f icGrove Calif Sept 7-10 1971 114121 Sroka G Chang C Meisels G G J (1452) Tajima S Shimiru Y Tsuchiya _I 

(1373) Siddiqui B Kawanam J Li Y -T Amer Chem SOC 94, 1052 (1972) ib id p 931 
Hakamor S J Lipid Res 13, 657 (1413) Stallberg-Stenhagen S C h e r  Scripta (1453) Tajima S rsuchiya T bid 46. 3291 

(1374 Sieck L W Ausloos F. Radiat Res 11414) Stambolija LJ Stefanovic D Org (14541 Takatshi T Sugawara Y SUZUKI M 
52, 47 (1972) MassSpectrom 7 1415 (1973) Tetrahedron Lett 1873 (1972 

(13751 Sieck L W Ausloos P J Chem (14151 Stebbings W L Taylor J h Inf J (1455) Takano T Numano F Nippon Naibum- 
Phys 56. 1010 (1972) Mass Spectrom ion Pi-ys 9, 471 pi Gakka i  Zassh 49 32 (1973) 

(1376 Sleck L W AUS~OOS P J Res Nat (1972) (1456) Takayama K Schnoes H K Semmler 
Bur Stand Sect A 76 253 11972) (1416) Stefan A Org Mass Spectrom 7 ,  17 E J Biocnim Biophvs Acta 316, 272 

(1377 Sieck L W Gorden R Jr Ausloos 11973) 11973) 
J Amer Chem Soc 94, 7157 (1417) Stellner K Watanabe K Hakomori S (14571 Talman E Ritter J Summ i r t  

119721 Biochemistry 12. 656 11973) Symp Mass Spectrom in Biochem and 
(1378 Sieck L W Gorden R Jr J Chem (1418) Stermitz F R Lowry W T Norris F Med IstitLto Mal i0 Negri Milan Ita v 

Phys 58. 2653 (1973) A Buckeridge F A Williams M C May 1973 p 50 
(1379 S e c k  L W Gorden R Jr Chem Phytochemistry 11, 1 1 17 ( 1  9721 (1458) Tal rose L L Skurat b E Gorodet 

Phys i e t f  19 509 (1973) (1419) Sternowsky H J Roboz J Hutterer skii I G Zolotoi N 3 Russ J Phjs  
(1380) Sieck L W Lias S G Hellner L Au- F Gaul1 G Clin Chim Acta 47, 371 Chem 46 456 11972 

sloos P J Res Nat Bur  Stand Sect (1973) (1459) Tantsyrev G D KOZIOL. S Zhup 
A 76. 115 ,19721 (1420) Stillwell W G Horning E C Horning 4nai Khim 26,677 1 ' 9 i l 1  

11381 Sieck L W Searles S K Ausloos P M G Stillwell R N Zlatkis A J Ste- (1460) Tarr G E Schnoes Y A r c h  Biochew 
J Amer Chem SOC 91. 7627 (1969) ro idB iochem 3, 699 (1972) 

(13821 Sieck L W Searles S K ibid 92, 11421) Stillwell W G Stafford M Horning M (1461) Tashma 2 Org Mass Soei-from 7 ,  
2937 (19701 G Res Commun Chern Pathoi Phar- 249 11973) 

(13831 Siekmann L Spiegelhalder B Breuer maco i  6, 579 (1973) (1462) Tatarczyk H von Zahn L Z Netur 
H Fresenius Z Anal Chem 261. 377 (1422) St John G A Pnbar M 2151 Annu f o rszh  A 20, 1708 1'965 

148 1973 
P s ~ ~ f f ~ ~ ~ ~  A M yeo A (1438' 3ugiura k TaKikawa 5 Tsdsup b 

E J Amer Chen Soz 94 4051, W C Feigenbaum E A Lederberg . 
,19721 

114401 Summons R E El i is  I Geller' t 
Phi.roci.emis'ry 11 3335 972 

' ro r r  6 39 r '972 

Ana/ Cher- 45.2297 1'973 

c org ~ a s s s p e c ~ r o v  7 ,  367 (1973 (144.11 Sdn - Lovns  R E Orc Mace Spec- 

Bioi Chem 36 1067 11g7) 

2663 I1 g72 

(13701 Shikhmamedbekova A Z Aslaiov F Chem 43, 1651 (19711 private cominunicatlon 

(1972) 2, 97 (1972) (19731 

Bioph)S 158, 288 (1973, 

(1972) 

J Chem Soc Chem Commun 832 

113851 Simpsor C F CRC C r i t  Rev Anal 

113861 Simon W In t  J Mass Soectrom /on 

(13841 Simm I G Danby J Eland J H D 

(19731 

Chem 2 .  1 (1972) 

Phys 12. 159 (1973) 
(13871 Simoneit B R Christiansen P C Bur- 

l ingame A L Geochim Cosmochim 
Acra 2 .  1635 (1973) 

(13881 Simoneit B R Smith D H Eglinton 

Conf Mass Spectrom Allied Topics San (1463) /b id p 1646 
Francisco Calif May 1973 Paper No (14641 Taubert R i b c  19, 464 (19641 
H -4 (14651 Taya S MatSiJda H Wass Specfrosc 

3800 (19731 (14661 Taya S Matsuda b in r  J Mass 

Annu Conf Mass Spectrom Allied Top- (14671 Taylor M L Wu R L C Hill C E 
I C S  San Francisco Calif May 1973 Arnolo E L Hughes B M Tiernan T 
Paper No G-2 0 i l s t  Pnnu Conf Mas: Spectrom Al- 

1425) Stockdale J A D J Clrem Phys 58, bed Topcs  San Francisco Calif Mdy 
3881 (19731 1973 Paper No 0 - 6  

1426) Stockdale J A Nelson D R Davies (1468) Taylor F A Schnoes H K Durbir  4 

1423) Stockbauer R J Chem Phys 58. 19 ,266 1971 

14241 StocKbauer R lngram M G 21s' S iec t rom / o n  Phys 9 235 (19721 

ANALYTICAL CHEMISTRY, VOL. 46, NO. 5, APRIL  1974 2 8 5 ~  



D., Biochim. Biophys. Acta, 286, 107 (1510) Turner. C .  E ,  Hadley, K . ,  J .  Pharm. Sci., (1545) Vorachek. J .  H. ,  Meisels, G G , Geanan- 
(1972) .  62, 251 (1973) .  gel, R .  A . ,  Emmel. R .  H . ,  J. Amer. 

Mass Spectrom. /on Phys., 7 ,  97 (1971) .  S..  ibid., p 1739. (1546) Vouros. P.,  J .  Org. Chem., 38, 3555 

B. ,  Cary, P.. Pauling, L.. Anal. Chem., M M. ,  Org. Mass Spectrom., 7 ,  1179 (1547) Vouros, P.. Harvey, D J. ,  Anai Chem.. 
44, 18 (1972) (1973) 45, 7 (1973). 

(1471) Thenot, J.-P.. Horning. E. C., Anal. Lett., (1513) Uccella, N. ,  Howe, I . ,  Williams, D .  H., (1548) Vouros, p . ,  ~ a r v e y ,  D J, ,  J .  Chem. SOC., 
5, 21 (1972) .  ibid., 6, 229 (1972) .  Chem. Commun.. 765 (1972) 

(1472) lbid., p. 519. (1514) Uccella, N. ,  Williams, D H.. J. Amer. (1549) vree, T, B,, ~ ~ ~ i ~ ~ ~ ,  D D , van ~ i ~ ~ ~ k -  
en, C. A. M , van Rossum. J. M . ,  J .  (1473) lbid., p 801. Chem. Soc.. 94 ,8778  (1972) 

(1474) Thompson, R .  H. ,  Pearson, A .  M.. (1515) UmeZaWa, H., Miyano. T., Murakami, T., Chromatogr., 74, 124 (1972) 

(1469) Tenschert, G.,  Beckey, H.  D.. lnt. J. (1511) Turner. C. E.. Hadley. K . ,  Fetterman, P. Chem. SOC., 95,4078 (1973) 

(1470) Teranishi, R . ,  Mon, T R . ,  Robinson, A. (1512) Twine, C. E., J r . ,  Parker, C. E.. Bursey. (1973) .  

Sanks, K .  A.,  J. Agr. Food Chem., 20, Takita. T., Aoyagi, T., Takeuchi, T.. Na- (1550) /bid,, 209, 
185 (1972) .  ganawa' H. ,  Morishirna, H. ,  J ,  

(1475) Thompson. R .  M. .  Desiderio. D. M . ,  Bio- 26, 615 (1973) 
chem. Biophys. Res. Commun,, 48, 1303 (1516) Undheim, K , Hvistendahl, G.,  Anal. 9 ,  333 (1972). 

(1551) Wachs, T., Bente, P F , I l l ,  McLafferty, 
F W , lnt. J. Mass Spectrom. ion  Phys., 

t r y ,  12,5212 (1973) .  
(1553) Wadrnan, S. K . .  van der Heiden. C .  Ket- 

ting. D.,  Kamerling. J P.. Vliegenthart, J 
F.  G , Clin. Chim. Acta, 47, 307 (1973) .  

(1554) Wagner. H., Budweg. W. ,  lyengar, M.  A,. 
Volk. O., Sinn, M . .  Z. Naturforsch. B. 27. 

(1973) 

Mass Spectrom., 7. 989 (1973) 
(1477) Thompson, R. M . ,  Gerber. N . ,  Seibert, R .  

A. .  Desiderio. D. M . ,  Druo Metabolism 

Chim. Acta, 62, 187 (1 972) 

Chromatographia, 5 ,  301 (1972) 
B u h s s  R .  p., 

Carlin, J .  R., Jacob. T. A , Koniuszy. F.  
R"  Smith' J '  L ' *  Trenner, 
R. W. ,  Wolf, D .  E.,  Wolf, F.  J . .  Anal. 
Chem.. 44. 14 11972). 

(1476) Thompson, R, M , ,  ~ ~ ~ i d ~ ~ i ~ ,  D, M,,  erg, (1517) Van Den Berg, P M.  J . ,  COX, Th. P H , (1552) Wads' G '  H" Fellman' H" Biochemis- 

(1518) VandenHeuvel, w, J ,  

R . ,  and Disposition: The Biological Fate of 
Chemicals. 1, 489 (1 973) 

(1478) Thompson, R .  S I  Jacques, D , Haslam. 
E .  Tanner, R. J .  N., J. Chem. SOC., Per- 
k in Trans. 1 ,  1387 (1972) .  

(1.479) Thynne, J C J., in "Dynamic Mass 
Spectrometry," D. Price, Ed , Vol. 3, 
Heyden & Son Ltd., London, 1972, p 67 

(1480) Thynne, J C. J., Org. Mass Spectrom., 

(1481) Thynne. J .  C J . ,  Harland, P. W. ,  int. J. 
Mass Spectrom. /on Phys., 11 ,  127 

7, e99 (1973) 

11 9731 
(1482) /b id p 137 
(1483) /b id p 399 
114841 Tiedemann P W Riveros J M J 

(1485) 

1  1486) 

(1487) 

(1488) 

(1489) 

(1490) 

Amer. Chem. Soc., 95, 3140 (19731 
Ting, K.-L.  H.,  Lee, R C. T , Milne, G. 
W. A,. Shapiro. M. ,  Guarino, A. M . ,  
Science, 180, 417 (1973) 
Todd. J F.  J.,  Turner, R B., Webb, B 
C.,  Wells, C. H J , J .  Chem. SOC., Per-  
kin  Trans. 2. 1187 (1973) 
Tokes, L. ,  Amos, B. A,,  J. Org. Chem., 
37. 4421 (1972) .  
Toman, R . .  Karacsonyi. S . ,  KovaEik. V , 
Carbohyd. Res.. 25, 371 (1972) 
Tomer, K E ,  Djerassi, C.,  Org. Mass 
Spectrom.. 6. 1285 (1972) .  
Tomer, K 6. .  Djerassi. C.. J .  Amer. 
Chem. SOC.. 95. 5335 119731 

(1491) Tomer, K .  E-. bjerassi, C., ' Tetrahedron, 

(1492) Tomer. K. 8.. Djerassi, C , Org. Mass 
Soectrom., 7, 771 (1973) .  

(1493) Tomer. K .  B., Gebreyesus. T., Djerassi, 
C.,  i b id .  p 383. 

(1494) Tomer, K. B ,  Hammerum. S. ,  Djerassi, 
C , Tetrahedron Lett., 915 (1973) .  

114951 Tomer. K.  B , TurK. J . ,  Shapiro, R H. .  
Org. Mass Spectrom., 6 ,  235 (1 972) 

(1496) Tou. J C , /bid. .  p 833 
(1497) Tsang, C. W. ,  Harrison, A .  G , ibid., 7, 

(14981 Tschesche, R , David. S. T., Uhlendorf, 
J . ,  Fehlhaber. H . -W. ,  Chern. Ber., 105, 

29, 3491 (1973) 

1377 (19731 

3106 (1972) 
(1499) Tschesche R. ,  Kaussmann. E. U. ,  Fehl- 

haber, H -W , Tetrahedron Lett., 865 
11972) 

(15001 Tschesche. S I  Kaussmann. E.  U. ,  Fehl- 
haber, ti -W Chem. Eer . .  105, 3094 
(1 972) 

(1501 I Tschesche. H , Schneider. M. .  Wachter, 
E . .  FEES Lett., 23. 367 (1972) 

(1502) Tse. 9 S.,  lnt. J. Mass Spectrom. ion  
Phys.. 9. 351 (1972) 

(15031 Tsuboyama, S McCloskey. J .  A,, J. Org. 
Chem.. 37, 166 (1972) .  

(1504) Tsuchiya. M . Preston, F.  J . ,  Eguchi. H. ,  
Svec, H J , in "Recent Developments in 
Mass Saectroscopy," Proc. Int. Conf 
Mass Spectroscopy. Kyoto, K .  Ogata and 
T Hayakawa, Ed , University of  Tokyo 
Press, 1970. p 837 

(15051 Tsuda. S . .  Yokohata. A. ,  Umaba. T , Bull. 
Chem. SOC. Jap.. 46 ,  2273 (1973) 

(1506) Tsuii, K , Robertson. J t i . .  Ana/. Chem.. 
45. 2136 (1973)  

(1507) Tsukida K Saiki K lnt J Vitam Nktr 
Res 42. 242 119721 

(1508) Tunnicliff D i) Wadsworth P A Ana/  

(1509) Turk J Shapiro R H Org MassSpec-  
Chem 45, 12 (1973) 

trom 6, 189 ( '972)  

1519) VandenHeuvel: W.'J A ,  Smith, J .  L. ,  
Haug, P.,  Beck, J L., J .  Heterocyc/. 
Chem.. 9, 451 (1972) 

1520) VandenHeuvel, W. J .  A, ,  Smith, J L ,  
Mertel. H. E.,  Ellsworth, R L.. 21st 
Annu. Conf. Mass Spectrom Allied Top- 
ics, San Francisco, Calif , May 1973, 
Paper No. 1-2. 

1521) VandenHeuvel. W J. A , Smith, J .  L., 
Silber, R .  H.. J. Pharm. Sci., 61, 1997 
(1 972) .  

1522) Van de Sande. C.,  Serum, J W.. Vande- 
walle, M . ,  Org. Mass Spectrom., 6, 1333 
(1972) 

( 1  523) 

(1524) 

(1525) 

(1526) 

1527) 

1528) 

1529) 

1530) 

Van Dorp. D A..  Klok, R , Nugteren, D .  
H , Rec. Trav. Chim. Pays-Bas. 92, 915 
(1973) 
Van Gennip. A. H. ,  de Bree. P. K.,  Van 
der Heiden, C., Wadman. S. K.,  Haver- 
kamp, J , Vliegenthart. J F G . ,  Clin. 
Chim. Acta, 45, 119 (1973) 
Vanhaelen, M , Phytochemistry, 11, 111 1 
( 1  972) 
Vanhaelen-Fastre, R . ,  Vanhaeien, M 
i b i d ,  12 ,  2687 (1973: 
vanleuven. H C. E , Fresenius' Z. Anal. 
Chem , 264,220 ( 1  973) 
Van Tameien. E E., Anderson, R. J . ,  J. 
Amer Chem SOC., 94,  8225 (1972) 
Van Tamelen, E E.. Holton. R .  A,, 
Yopla. R E , Konz, W.  E , \bid. ,  p8228.  
van Thuiil. J , Klebe. K J , van Houte. J 

809 11972). 
1555) Wagner, H. ,  Demuth. G , Tetrahedron 

Lett.. 5013 (1972) 
1556) Wagner, H.. Seligmann, 0 . Tetrahedron. 

1557) Wahrhaftig. A L , "Theory of Mass Spec- 
tra." A. Maccoll. Ed , MTP Int. Rev Sci 

29, 3029 (1973) .  

Ser One Vol 5 Butterworth s London 
University Park Press Baltimore 1972 p 
267 

1558) Wakkers P J P Janssen M J Wer- 
inga W D Org Mass Spectrom 6. 
963 (1972) 

1559) Walker R W Ahn H S Mandel L R 

(1560) 

(1561) 

(1562) 

(1 563) 

(1 564) 

(1565) 

VandenHeuvel, W J A , ,  Anal. E iochem,  
47. 228 (1972) 
Walker, R W . ,  Ahn, H S Albers- 
Schonberg. G . ,  Mande!. L R , Vanden- 
Heuvel, W. J A,. Eiochem. Med. 8,  105 
!1973). 
iVall, M .  E , Brine, D R , Pitt. C. G 
Perez-Reyes, M , J .  Amer Chem Soc 
94,8579 (1972) 
W a l k  T , ishizaki. 7 , Gaffney. E , d'. 

Pharmacoi. Exp. Ther , 183. 508 (1972) 
Wa'ler. G. R . ,  Ed , "Biochemical Applica- 
tions of Mass Spectrometry," John Wiley 
and Sons, New York, N Y . 1972 
Walton, T. J , Kolattukudy, P. E , Eio- 
chemistry, 1 1 ,  1885 (19721 
Wan, A S.,  Aexel. R .  T , Ramsey R B 
Nicholas, H J , Phytochemistry. 11,  456 

C ,  Org: Mass Spectrom.. 7, 1765 (1972) .  
(1973) (1566) Wang, L . - F ,  Margrave, J L.. Franklin. J 

1531) van't Klooster, H A , Vaarkamp-Lijnse. L , J. Chem. Phys.. 58, 5417 (1973)  
J. S , Dijkstra, G., 6tn Int. Conf Mass (1567) Wan!, M .  c . ,  Taylor, H L , Wall. M E , 
Spectrom., Edinburgh. Sept 1973, "Ad- Tetrahedron Lett., 4675 (1973) 
vances in Mass Spectrometry." Vol 6 A (1568) Wanless, G. G. .  lnt. J. Mass Spectrom 
R West. Ed.. in press 

(1532) Varmuza, K . ,  Krenmayr. P I  Monatsh. (1569) Ward. S D ,  in "Mass Spectrometry,' '  
Chem., 103, 1055 (1972) Vol. 2. D H.  Williams. Sr Reporter, The 

(1533) Vatlina. L P , V!asov. V. M , Polyakov, Chemical Society. Burlington House, 
S A .  Takhistov. V. V , Zh Org. Khim. London. 1973, p 264 
8, 459 11973). ~ 1 5 7 0 )  Warren. C. E ,  Malec, E J , J Chroma- 

Pharm. Pharmacoi ,  25, 895 (1973) (1571) Watanabe. H. .  Menzies, J A , Steroids. 

Boer, Th. J , Org. Mass Spectrom.. 6. (1572) Watanabe. K.. Makino. Y , Okamoto, ? , 

675 (1972) 
(1536) Vestal, M .  L. ,  Blakley, C R , Ryan, P.. (1573) Wateroury. L D , Pearce. L A , Ciin. 

Futrell, J ti , 21st Annu. Conf Mass Chem . 18,  258 (1972) 
Spectrom. Allied Topics, San Francisco, (1574) Watson. J. T , Ann Rev. Pharmacol. 13, 
Calif , May 1973, Paper No. S-10. 

(1537) Viinikka, L , Janne. O. ,  Perheentupa, J . (1575) Watson. E . ,  Clark. D R , Kalman, S M , 
Vihko. R . ,  Clin. Chim Acta, 48, 359 J .  Pharmacoi. Exp Ther,  184. 424 
119731. 119731 

i on  Phys., I O ,  85  (1972173) 

(1534) Vaughan, D P .  Beckett. A. H ,  J ,  !Ogf, 64, 219 11972) 

(1535) Venema, A ,  Nibbering, N. M .  M., de- 21, 123 (1973) 

YakugakuZasshi. 92,  517 11972). 

391 (1973) 

, ~ ~, 

(1538) Viney B. W , lnt. J .  Mass Spectrom. ion  
Phvs.. 8. 417 119721 

(1539) Vink, J . ,  Bruins Slot, J H W , de Ridder. 
J J . ,  Kamerling. J P , Vliegenthart, J .  F.  
G , J .  Amer. Chem. Soc.. 94,  2542 
.( 1972) .  

(1540) Virin. L i , Satin, Yu A , Dzhagaspan- 
jan. R V.,  Khim. Vys. Energ., 6, 408 
(1972) .  

(1541) Vogt, W , Fischer. I . ,  Knedel. M , Frese- 
nius' Z Anal. Chem. 267, 28 (1973) 

(1542) Volk, W , Salomonsky. N L , Hunt, D.,  J .  
Bioi. CPom.. 247. 3881 (1972) 

(1576) Watson J T Falkner F C Org Mass 
Spectrom 7. 1227 (1973) 

(1577) Watson J T Pelster D R Sweetrnan 
B J Frolich J C Oates J A Anal 
Chem 45,2071 (1973) 

Eiochem J 135, 293 (1973) 
(1578) Weckesser J Mayer H Fromme I 

(1579) Weiner J Smith G P K Saunders 
M Cross R J Jr J Amef Chem 
SOC 95,4115 (1973) 

(15801 Weinkam R J Matin S B 21st Annu 
Conf Mass Spectrom Allied Topics San 
Francisco Calif May 1973 Paper No 

(1543) Von Minden D L McCloskey J A J L-13 

115441 boil Zahn u' Tatarczvk H Phvs Lett 408 (19731 
Amer Chem SOC 95. 7480 (1973) (15811 Weinstein N D J Chem Phys 58. 

1 2  190 11964r (15821 Weringa W D Williams D H , Feeney 

286R A N A L Y T I C A L  C H E M I S T R Y ,  V O L .  46, NO. 5, A P R I L  1974 



(1583) 

(1 584) 

(1585) 

(1  586) 

J. .  Brown, J. P., King, R W.,  J. Chem. 
SOC., Perkin Trans. 7 ,  443 (1972) .  
Westmore. J. B.. Lin. D .  C. K , Ogilvie, 
K. K. .  Org. Mass Spectrom., 7, 317 
(1973) .  
Westmore, J .  B. ,  Lin, D C. K , Ogilvie, 
K .  K , Wayborn, H. ,  Berestiansky, J . ,  
ibid., 6, 1243 (1  972) .  
Wheeler, J, W., Blum, M.  S., Science, 
182, 501 (1973) .  
Wheeler. J W.,  Happ, G. M . .  Araujo, J . .  
Pasteels. J .  M. ,  Tetrahedron Lett., 4635 
(1972) .  

(1587) Wheeler, J .  W. ,  Oh, S. K. .  Benfield. E. 
F , Neff, S E.,  J. Amer. Chen.  SOC., 94, 
7589 (1  972) 

(1588) White, E , Sei Tsuboyama. V., McClosk- 
ey, J. A , ibid.. 93, 6340 (1971).  

(1589) White. E ,  Krueger. V.  P M . ,  McCloskey, 
J. A . ,  J .  Org. Chem., 37, 430 (1972) 

(1590) Whyte. J .  N C , Can. J. Chem., 51, 3197 
(1973) 

(1591) Wilcox. J . .  private communication, 1973. 
(1592) Williams, D .  H.. Sr. Reporter, "Mass 

Spectrometry," Voi. 1 ,  The Chemical So- 
ciety, Burlington House, London, 1971 

(1593) Williams. D .  , H . ,  Sr. Reporter, "Mass 
Spectrometry, Voi. 2, The Chemical So- 
ciety, Burlington House, London, 1973. 

(1594) Williams, D .  H , Howe, I . ,  "Principles of 
Organic Mass Spectrometry," McGraw- 
Hill Book Co. (UK) L t d ,  London, En- 
gland, 1972. 

(1595) Williams, K.  M.. Halpern, B . ,  Aust. J. 
Bioi. Sci., 26, 831 (1973) 

(1596) Wiliiams, V P , Ayling. J E , J. Hetero- 
cyci. Chem., 10, 827 (1973) 

(1597) Wilson, D .  M . ,  Burlingame. A. L , Cron- 
holm, T., Sjovall. J . .  Biochem. Biophys. 
Res. Commun., 56, 828 (1974) 

(1598) Wilson, D. ,  Olsen, R W ,  Burlingame, A. 
L , Rev. Sci. Instrum., submitted for pub- 
lication 

(1599)  Wilson, M .  H . .  McCloskey, J. A ,  J. 
Amer. Chem. SOC.. 94, 3865 (1972) 

(1600) Wilson, M.  H , McCloskey, J A,. J. Org. 
Chem., 38, 2247 (1973) 

(1601) Winkler. H. U ,  Beckey, H D..  Biochem. 
Biophys. Res. Commun., 46, 391 (1972) 

(1602) Winkler, H. U., Beckey, H D , Org. 
Mass Spectrom., 6, 655 (1972) .  

(1603) lbid.,  7, 1007 (1973) 
(1604) Winkler, J . ,  McLafferty, F W , d. Amer. 

Chem. SOC., 95, 7533 (1973) .  
(1605) Wipf, H. -K. ,  Irving, P., McCamish, M. ,  

(1  606) 

(1607) 

(1608) 

(1609) 

1610) 

Venkataraghavan, R., McLafferty, F.  W.,  
ibid., p 3369. 
Wirtz-Peitz, F.. Reinhold, V. N., Bie- 
mann, K.. Fresenius' 2. Anal. Chem., 259, 
212 (1972) 
Witten, T. A,, Levine, S. P.. Killian. M.  T. ,  
Boyie, P. J. R..  Markey. S. P., Clin. 
Chsm., 19, 963 (1973) .  
Witten, T. A,, Levine, S. P., King. J. O., 
Markey, S. P., ibid., p 586. 
Wobschali, D . ,  Graham, J. R. ,  Malone, 
D. P.. Phys. Rev., 131,  1565 (1963) .  
Wojciechowski, 2.  A,, Goad, L. J., Good- 
win, T. W.,  Phytochemistry, 12, 1433 
119731. 

(1  626) 
(1627) 
(1628) 

(1 629) 

(1 630) 

(1631) 

(1632) 

/bid., 95, 3504 (1973) .  
/bid., p 4050. 
Yano, I . ,  Saito, K . ,  FEBS Lett., 23, 352 
(1 972) .  
Yano, I . ,  Saito, K . ,  Furukawa, Y., Kusun- 
ose, M . ,  ibid., 21 ,215  (1972).  
Yates, P.. MacLachlan, F. N., Rae, I .  D . ,  
Rosenberger, M . ,  Szabo. A. G.,  Willis, C. 
R . ,  Cava, M. P.. Eehforouz. M., Laksh- 
mikantham. M. V., Zeiger. W., J. Amer. 
Chem. SOC., 95, 7842 (1973) .  
Yeo, A. N. H . ,  Djerassi, C., ibid., 94, 482 
(1972) .  
Yeo. A. N. H., Williams, D .  H., ibid., 93, 
395 119711 

1611) Wolfgang, R., Accounts Chem. Res.. 3, (1633) Yeigey, A. J., Franklin, J. L., Int. J. 
Mass Spectrom. /on Phys., 9, 354 

1612) Wood, G., Faiick, A. M. Burlingame, A.  (1972).  
L.. Org. MassSpectrom., 8, 279 (1974) .  (1634) Yinon, J., Eoettger, H. G. ,  ibid., 10, 161 

1613) Woodgate, P. D . ,  Mayer, K. K., Djerassi, (1972/73) .  
C.,  J. Amer. Chem. SoC., 94, 3115 (1635) Yinon, J., Boettger, H. G., Weber, W. P., 

Anal. Chem., 44, 2235 (1972) (1972) .  
1614) Wszolek. P. C., Burlingame, A. L., PrOC. (1636) Yoshimura, H., Yamarnoto, H., Saeki. S., 

Chem. Pharm. Bull., 21,2231 (1973) .  4th Lunar Sci. Cont., Geochim. Cosmo- 
chim. Acta, 2, 1681 (1973) .  (1637) Yosioka, I . ,  Morii, Y . ,  Kitagawa, I., ibid., 

F. C.. Burlingame, A. L., in Lunar Science (1638) Yunusov, M. S., Rashakes, la. V., Yunu- 
V (abstracts), Part I I, The Lunar Science sov. S. Yu., Khim. Prir. Soedin., 85 
Institute, Houston, Texas, 1974, p 857. (1972) 

(1616) Wszolek, P. C., Sirnoneit, B. R., Burlin- (1639) Zabielski, M.  F., McHugh, T M. .  21st 
game, A. L., Proc. 4th Lunar Sci. Cont., Annu. Conf. Mass Spectrom. Allied Top- 
Geochim. Gosmochim. Acta, 2, 1693 ics, San Francisco, Calif., May 1973, 
(1973) .  Paper No. K-4. 

(1617) Wulfson, N. S.. Ziyavidinova, 2. S., Zaik- (1640) Zakharov, P. I., Terentjev. P. €3.. Niko- 
in, V. G., Org. Mass Spectrom., 7, 1313 nov, G. K. ,  Banjkowsky, A.  I . ,  Khim. 
(1973) .  Prir. Soedin., 431 (1972) .  

(1618) Wyatt, R .  J., Mandel, L. R., Ahn. H. S . ,  (1641) Zeman, A.. Jacob, J , Fresenius' 2. Anal. 
Walker, R W., VandenHeuvel, W. J A, ,  Chem., 261, 306 (1972).  
Psychopharrnacologia, 31, 265 (1973) .  (1642) Zeman. A , Scharmann, H. ,  Fette-Seiten- 

(1619) Wyllie, S.  G., Org. Mass Spectrorn., 6, Anstrichm., 74, 509 (1972) ;  75, 32. 170 
559 (1972) (1973) 

(1620) Yamamoto, Y . ,  Takamuku. S..  Sakurai, (1643) Zimmer,  H. .  Kokosa, J., Garteiz, D A , ,  
H., J .  Amer. Chem. SOC., 94, 661 Arzneim.-Forsch., 23, 1028 (1973) .  
(1972) (1644) Zimmer,  M . ,  Klein, W., Chemosphere, 1 ,  

Nakatani, Y.. Agr. Biol. Chern., 36, 1153 (1645) Zlatkis, A , ,  Bertsch, W., Lichtenstein, H. 
A.. Tishbee, A., Shunbo, F. ,  Liebich. H .  (1972) 

(1622) Yamanishi, T . ,  Shimojo, S., Ukita, M . ,  M . .  Coscia. A. M. ,  Fleischer. N., Anal. 
Kawashima, K., Nakatani, Y. ,  ibid., 37, Chem., 45, 763 (1973) .  
2147 (1973) (1646) Zsadon, B , Tamas, J..  Chem. fnd. (Lon- 

(1623) Yamashita, S.. Hayakawa, T., Bull. don), 32 (1972) .  
Chem. SOC. Jap., 46, 2290 (1973) (1647) Zwolinski, B.  J . .  Risinger, A. L., Dickson, 

(1624) Yamdagni. R . ,  Kebarle, P., J. Amer. C. H. ,  20th Annu. Conf. Mass Spectrom. 
Chem. SOC., 93, 7139 (1971).  Allied Topics, Dallas, Texas, June 1972, 

(1625) lbid., 94, 2940 (1972) .  Paper No. R-9. 

48 (1970) 

(1615) Wszolek, P. C., O'Connor, J. T.. Walls, 21,2092 (1973) .  

(1621) Yamanishi, T.. Kita, Y.. Watanabe, K. ,  3 (1972) .  

Mossbauer Spectrometry 

John G. Stevens 
C h e m i s t r y  Depar tmen t ,  Un ive rs i t y  ot N o r t h  Carolina a t  Ashevi l le ,  Asheville, N. C. 28804 

Lawrence H. Bowen 
C h e m i s t r y  Depar tmen t ,  N o r t h  Caro l i na  S ta te  Univers i ty ,  Rale igh,  N.C. 27607 

This is the fifth biennial review on Mossbauer spec- 
trometry to appear in Analytical Chemistry. The fourth 
came out in 1972 by Stevens, Travis, and DeVoe (726). 
From a phenomenal growth period in the ~ O ' S ,  a leveling- 
off was beginning to appear in the fourth review. It  is 
clear now that the publication rate has stabilized a t  about 
800-1000 articles per year. Five new Mossbauer transitions 
have been reported in the present review period: (247, 279, 
507, 798. 799), making an even 100 total. However, chemi- 
cal interest is still concentrated in a relatively few of 
these. The transitions in 57Fe and l19Sn accounted for 
most of the papers published over the 1972-73 review pe- 
riod, a percentage apparently increasing in spite of the 
demonstrated utility of a number of the other 98 transi- 
tions (representing less than 15% of the 1972-73 papers) in 
chemical investigations. The current Mossbauer periodic 
table is shown as Figure 1. Perhaps the most important 
recent chemical development in this table has been the 

demonstration of enormous isomer shifts in the extremely 
precise lslTa resonance (387). 

The maturing of this field of spectrometry has resulted 
in fewer papers dealing with measurements on large num- 
bers of compounds and more emphasis on detailed inves- 
tigation of a single compound or small group of related 
substances. The study of single crystals and the use of 
backscattering geometry are becoming more common (al- 
though spectra of powders in transmission geometry are 
still by far in the majority). Papers dealing primarily with 
use of the Mossbauer effect in determining nuclear prop- 
erties seem to be on the decline. One interesting geo- 
graphical phenomenon is an increase in publications in 
Mossbauer spectrometry from the Eastern European na- 
tions. 

Since the fourth review, several important books on 
Mossbauer spectroscopy have appeared. The 659-page text 
by Greenwood and Gibb (288) has an essential place in 
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