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ABSTRACT 

Many of the stercoisomers of merhylated hetitol acetates having the same arrange- 
ment of O-methyl and U-acetyl groups yield markedly different chemical-ionization 
(c.i.) msss spectra. For example, 1 .d,5-tri-O-acetyl-2,3,6-tri_O-metbplglucitol and 
1,4,5-tri-0-ace~i-2.3,6-tri-O-methylgalactitol yield clearly distinguishable c.i. mass 
spectra. The observed differences are reproducible. Hence, chemical-ionization mass 
spectrometry, when combined with analytical gas chromatography and electron- 
impact (e.i.) mass spectrometry, is of value in identifying the methylsted alditol 

acetates obtained during metbylation analysis of polysscchsrides and other complex 

carbohydrates. The c.i. mass-spectral data that differentiate many of the possible 
partially metbylskd glucitol, galactito!, and ma;laitol acetates are presented. In 
addition, examples are presented that demonstrate the ability of c.i. mass spectrometry 

to characterize previously unidentified metbylated hitot acetates. 

KNTRODUCTION 

A convenient and powerful method-of determining glycosyl linkdge-composi- 
tions of polysaccharides is based on the conversion of 8 methylated polysaccharide 
into its corresponding, alditol acetates’. These volatile derivatives may frequently 
be separated by analytical gas chromatography ‘. Electron-impact (e.i.) mass spectro- 
meters, coupled directly to the effluent of gas chromatogmpbs, have provided an 
essential tool for identification of the partially methylated alditol acetates’. E.i. mass 
spectrometry readily distinguishes between all alditols having different arrangements 
of O-methyl and 0-acetyl groups. Ho&ever, e.i. mass spectrometry does not dif- 
ferentiate different isomers having the same arrangement of O-methyl and U-acetyl 
groups’. For example, e.i. m8ss spectra of the methylated betitol acetates derived 
from 34inked and from l-linked glucose’ are quite different, but rhe e.i., mass spectra 

*Supported by a grant from the Ener_q Rcgxch and Dwelopmcot Adminiwatioo EY-76-S-02-1426. 
wo wbom all correspondence should k addressed. 
iA simplified notatron for the metbylated hewol ;iczIafes has bcso adoptsd. All of the methylotcd 
hexi:ol ~cetzt~ studied UI this paper are derived from aldobcxop~ranose rwdues and hobe O-sc~~ryl 
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of the derivatives of 4-Linked glucose, Clinked galactose, and Clinked mannose are 
indistinguishable. These latter types of isomers can, at present, be distinguished only 
if they can be separated by gas chromatcgraphy and their retention times compared 
to standards. A number of these isomers have not been separated, and an even larger 
number of isomers cannot be separated on a single gas chromatography column. 

The c.i. mass spectra of most of the possible methylated hexitol acetates that 
cam be derited from rhe three aIdobexopyTanoses, glucose, galactose, and mannose, 
are presented in this paper. All of these hertitol acetates are monodcuterated at C-l. 
For many given arrangements of O-methyl and 0-acctyl groups, the derivatives of 
t3e three aldohexopyranoses may be distinguished on the basis of their c.i. mass 
spwxr3. Therefore, c.i. mass spectrometry is 3 useful method for identifying some of 
the methylated aldilol acetates that cannot be identified by e.i. mass spectrometry. 

RESUL,TS 

The major quantitative dlfferences. if differences e.tist, in the c.i. mass spectra 
of all of the hesitol isomers occur in the reiative intensities of the IL1 + I, M + I-32, 
and M + 1 - 60 ions. All of the metbjlated hcxitol acetates Jield these ions. The m/e 
value of each ion depends on the mclecular weigh: of the methylated hexiulto! acetate 

being examined. Portion of the c.i. mass spectra of the mcthylated hexitol acetates 
derived from Clinked glucose and of Clinked galactose, using isobutane as the 
ionizing g3s, 3~ presented ;n Fig. I. The ions of these derivatives at M/e 390, 352, 320, 

and 292 corrcsFond to hi + 39, hi + 1, hi + I - 32, and hi + I -60, respcctivcly. No 
other ions arc present in an abundance ofgreater than 5% of the most abundant ion. 
Th: data of Table I compare the relative intensities of the M i I, M+ i-32, and 
M i- 1 -60 ions for many of the methylated hexitol acetates that can be derived frcm 
mannose, galactose. and glucose. The rclatibe intensities of these ions were found to 
be quite smsiti\e to source temperature. The M + 1 -60 and hi -I- I -32 ions pre- 
dominate at higher source-temperatures, whereas the M + I ions are enhanced by 
lov;er source-temperatures. A source temperature of 145” (+5”) was selected for 
these studies because all three (of these diagnostic) ions are present for most com- 
pounds at this temperature. 

M’e have identiEed two unknown, metbylated hexitol acetates witb the assistance 
of c.i. mass spccuomeby. The unknowns were obtained during methylation analysis 

groups attached to both O-l (protected kom Cl-melhylstlon by 115 participation III a glycosidis 
linhoge) and O-5 (protected from 0methylation hy its particlpslion in the pyranose ring). In the 
notAion adopted. all hyJrovy1 positions designated as “linked” have 0awtyl groups (proteczed 
from methqlalion by glgcosidic hnknge uith another sugar), whereas all of the remaining oxygen 
atoms (except O-I ;Ind O-5) have O-methyl groups. Any irldohexose designated as “~crminal” has no 
“hnked” hydrovyi groups. The following examples lllusrrate the notation: l,S-JI-U-acetyl-2.3.4,6- 
Ierr,-O-mrthyimannitol IS rererred Lo as term~od mannose; 1.3-5-u~-O-~ce~i-~,~,~~-O-metbyl- 
glucitol as 34nked gl~~cose: and I .1.3.5-tr~-0-asetyl3.6-di-~-methyl~actiio~ as 1.3-linked galactose. 
ThL notation IS useful for the purposes of the present paper, but rbould require moditiwtion for 
gen:ral use encompassing iunnoid forms. ketose residues. and other types of component residues. 
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Fig. 1. Portions of the chemical-ionuation mzss sprctrs of the methrlated hexllol acetate denvstlbss 
of Umked galaclose and +lmked glucose. 

TABLE 1 

RELA’ITVE INTEkWlTE.S OF THE hl: + 1, hf + i - 31, AND hf + I - 60 IONS Oi3TAIMD FROM 

VARIOUSLY hWlHYLATED h!ONO-DEUTERlbM-UBELED HEXJTOL ACETAI-E.? 

Afrirrol 

acefafe 
dericatires 

dlf+ 1-33 ,lfil-60 Number of Number of 

speclm sample 

(II erogrd- SOUKt?P 

T-Linked= 
m/e value 
Gal 
Glc 
hlan 

324 
l!lO 

9.0(1.8) 
2.6(0.9) 

Z-Linked 
m/z vsluc 352 
Gal 100 
GIG 100 
Man loo 

SLinked 
mle value 
Gal 
Glc 
htan 

4-Linked 
m/e value 
Gal 
Glc 
MaKI 

352 

98 (sy 

39 (T) 

26 (7) 

352 
100 
M(l6) 
I4 (2) 

292 
17 tn 
I Il(O.4) 
0.9(0.2) 

3:o 
21 (2) 

8 (2.4) 
IO (1.4) 

320 

7.2(l) 
I .a (0.4) 
X(0.5) 

3M 
31 (9) 
3.2(0.4) 
l.S(O.2) 

16-f 
67(18) 

IO0 
100 

29, 
S3 (8) 
39 (5) 
31 (5) 

292 

91 (r) 
IO0 
100 

292 
rS(I I) 

IO 
100 

5 2 
6 4 
7 2 

3 I 
4 I 
6 2 

4 2 
6 3 
6 2 

5 
5 
4 

3 
2 
2 

(Tuble continued on p. 2-#2) 



&Linked 

2.-‘-Linhed 

2,6-Lurked 

3,Clmked 

3,C-Liobed 

U-Linked 

m/e value 

Gal 
G!c 
hfarl 

m/e tc3luc 

Gal 
Glc 
hlan 

m/r Kdue 
G31 
Glc 
Man 

353 
60 (5.2) 
71 (7) 
77116) 

350 
100 
39 (s) 

3so 
4-4 (6) 
47(l I) 

350 
62 (5) 
U (6) 
17 (3) 

380 
60 (4) 
67(14) 
59 (9) 

3so 
27 (3) 

100 
I00 

m/e value JOS 
3,-l&-Linked Gal 27 (4) 

GlC 6.4 (5) 
hlan 2: (-4) 

320 
2. I (0.5) 
2.3 (0.4) 
3.4(l) 

315 
36 (2) 

6.5(0.9) 

34s 
I X(0.5) 
2.3 (0.6) 

348 
10.7(l) 
3.1(l) 
4. I (0.0 

3418 
3.5(0.5) 
X2(0 -I) 
X9(1.4) 

34s 
2.3(0.7) 
6.0(Z) 
3.1(0.7) 

376 
1.0(l) 
2.3 (0.9) 
2.5 (2) 

292 
100 
loo 
99 (3)’ 

330 
43 (1) 

100 

320 
100 
10 

320 
100 
100 
100 

320 
Ioil 
100 
I00 

320 
100 
90 (6) 
S9(10) 

3:s 
100 
loo 
IO0 

3 3 

3 7 : 

3 2 
3 2 

4 1 
4 2 

4 2 
6 2 
4 I 

3 2 
3 I 
4 I 

4 3 
4 -I 

5 2 

4 2 
5 2 
4 1 

“All denvatrvcs hsd one deubxium atom artached IO C-l. qhe relatl\e mrensrties presented 
arc- the a\crage of several spectra obtnrned by sepsrjle mjecrions on the gas chromatograpb. The 
numbers in psremheses are ihe sundard devratioos. CT&s is the number of spectra averaged for the 
daLa prescored. Each spectrum is from a separate gas-shromolograph injection. “The numkr of 
separate sources from wh~cb each derivAve was prepared. Hence, two SOLUCTS means that that 
parl1eular derivative uas prepared from tuo completely drfferent sotuses of ~ha denvative, and their 
spectra nere averaged. 7 = Termmal. ‘10 thr>e dcrlvJllres. the base peak wa the hl + I ion in some 
sptctra and Ihe hli + I -60 IOD in other spectra. Hence, Lhc averaged relative-imensrtles show no 
ion peak having a relative inlensity of 100. 

of oat coleoptile cell-nak Unknown no. 1 was determmed by e-i. mass speccuometry 
to be a derivative of a 3,4-linked aldohexopyranose, and was identified by its retention 
time as either the glucose or galactose derivative; the corresponding mannose deriv- 
ative has G diKerent gas-chromatographic retention-time. Unknown no. 2 was sbowa 
by e.i. mass spectrometq to be tbe derivative of a 3,4,6-tided hexose. 

The c.i. mass-spectral data of these unknowns were obtained by using selected 

iowmonitoring rather than by scanning the entire mass-range irom XXI-5@0 atomic- 
mass unifs. The mass spectrometer was set to monitor the ions at m/e 40s. 345, 380, 
uld 320. (Thl: ions at m/e 408 and M-8 are the hi + 1 and FvI + 1 -60 ions for the 
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derivatives of the 3,4,6-linked hexoses; the ions st m/e 348, 380, and 320 are the 
M + I -32, M +- I, and M + J-60 ions for the derivatives of the 3,~linked bexoses.) 
As the mass spectrometer monitored only four ions, the intensities of these ions were 
accorately measured and a~-+ plotted, z’s elution time from the ,oas chromatoeaph, 
in Fig. 2. The ion-peaks corresponding to the derivatives of the unknown 3,4- and 
3,4,6-linked hexoses are shaded; the other icn-peaks result from other methylated 

Fig. 2. Mass chromalo_erams or the methylxed aldnol acetates resulting irom an analysts oi oat 
wkoptile cell-wallls. The intensities of four selected ions are pl~ttcd as a funcrlon of elution time from 
the gas chromatognph. Thr mass spectrometer HIS operated as de sirlbsd in lhc ISYL Ions obtained 
from the derivatwcs of the unknown 3,-L and 3.4,Minhed nldohexopynnoscs are shaded. The 

intensities of the Ion at m/e 348 are expanded IO 3OOH)lh. 

alditol acetates derived from the coleoptile cell-walls. The area under each ion peak 
is a measure of the intensity of that ion. The areas \%ere calculated and normalized 
to the area of the hi + I -60 ion peak for each unknown by using a computer program 

SUQ plied with the g.c.-m.s. system by Hewlett-Packard. Similar analyses were made 
of authentic derivatives of 3,Uinkcd galactose, 3,4,6-linked galacrose, 3,Uinked 
glucose, and 3,4,6-linked glucose. The reiatike intensitres of the Ions habing rrl/e 408, 
348, 380, and 320, calculaled in this manner, are presented in Table Il. The data 

demonstrate that the 3,44inked hexose derivative (unknown no. 1) is from glucose 

and not from galactose. The 3,4,6-linked aldohexose derivative is clearly not from 

galactose, and reference to Table I shows that it is more likely to be from glucose than 
from mannose. Comparison of the retention time of this unknown with that of 
staudard compounds confirms that it is, in fact, the derivative of 3,4,6-linked glucose. 

A further use of c.i. mass spectromctry is demonstrated by the identification 
of the methylaied hexitol acetates derived from terminal hexoses. Terminal mannosyl 
and ?erminal glucosyl residues yield derivatives possessing similar retention-times 
on all gas chromatography coiumns reported in the Literature. The glucosyl derivative 
is eluted slightly ahead of the mannosyl derivative on an ethylene glycol adipatc, 
ethylene glycol succinate, and XF-1150 column’, but these derivatives are not 
sticientiy separated to afford two p~.~ks. Hence, it is diticult to determine whether 
a sample contains onz or both of ‘.w terminal aldohexopyranose derivatives. Even 
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TAIILE 11 

hEUTMZ tNlTNSl-lX.S OF SLLECI-ED IONS FOR THE .METHYLATED HEXITUL ACETAT DERlVATiWS OF 
SOW STANDARD AND UNKhOWN 3.4-LINKED AND 3,4,6LINKED ALDC,XEXOPYRANOSE& 

aexitol dericarices m/e 4c8 m/e 348 mfe 380 mfe 3-W 

3.4-lmked Gal b 11.0 66 loo 

3,4-linked GIc 3.7 33 100 
3,3_linked un_known 00. I 4.0 30 100 
3,4.6-linked Gal 26.5 
3,4&Iinked Glc 53.1 fg 
3,4,6-linked unknown no. 2 55.3 loo 

These derivatives had one dcutcrium atom attached to C-l. nA blank indicated tbe ion is not present 
in the c.i. mxs spectra of these bexitol derivatives. 

TABLE Ili 

RELAnVE~S~OF~~~~I,~~+1-3j’T.ANDhl+1-60lONSd 

(m/e 324, 292, AND 264, RESPEfX-iVEL Y) IN THE LEADMC, MlDDLE, AND TRAILING PORI-IOM OF 

A GAS-CHROMATOGRAPH PEAK KNOWTi TO COKTAIN TlfE DERIVATIVES OF 

TERMINAL-blAFiFiOSE AND TERWINALCLUCOSE 

Hexitdl derirarice m/e 32-f m/e 292 m/e 264 

T-GIc= 9.0 1.3 IQ0 

Leading 25% 7.6 1.0 100 
Middle 25% 4.8 I.1 100 
Trailing 25% 3.5 0.9 100 
T-M& 2.6 0.9 100 

These ions had one deurenum atom alached to C-l. ‘Values from Table I. T = Tennina!. 

TABLE IV 

~~vEINTENSITI~OF~~f+~.h~+1-33$,~h~+!-~lON~FOR 

SOME METHYLATED HEXITOL ACETAl-U OBTAINED BOTH BEFORE AND AFI-ER CLEANING OF 

l-HE 13N SOURCE OF THE MASS SPEClROHErER 

He?l:ol 

dericnh’ce 
Before source cieanm$ After source cleming 

111+ I h1-k1-32 Al+]-60 df+/ Lffl-32 M-l-I-60 

-i-&d1 
T-GIc 
T-hfcn 

2-hfao 

4-Gal 

lGlc 

CMan 

6-Glc 

2.6-Man 

100 
9.0 (1.8) 
2.6 (0.9) 

100 
100 
4(l6) 
14 (2) 
71 (7) 
47(l I) 

17 (5) 
1.3(0.4) 
0.9 (0.2) 

10 (1.4) 
31 (9) 

3.2(0.4) 
I .5 (0.2) 
2.3 (0.4) 

2.3 (0.6) 

87(18) 
100 
I03 
32 (5) 
2P(i I) 

100 
IO0 
100 
100 

loo 18 83 
7.9 1.3 IO0 
2.3 1.0 I09 

100 10 29 
100 31 26 
48 3.1 100 
15.7 I.1 100 
64 2.3 100 
67 2.0 100 

“Thes: ions hsd one deuterium atom attached to C-l. %e data are from Table I. Numbers in 
p;;reohe~~ arc standard dcbiations. 
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if only one of the terminal aldohexopyranose derivatives is present, it!; identification 
cannot be made with certainty from retention-time data alone. 

A sample of methylated alditol acetates containing a mixture of the methylatcd 
hexitol acetates derived from terminal glucose and terminal mannose was injected 
into the gas chromatograph and analyzed by isobutane c.i. mass spectrometry. The 
mass spectrometer wan set to monitor selectively the ions at m/e values 324, 292, and 
264. These are the M + I, M + I - 32, and M + i -60 ions of terminal aldohexo- 
pyranose derivatives. The three ion-intensities L’S elution time from the gas chro- 
matograph were plotted and the leading, middle, and trailing 25% portions of each 
ion-peak were integrated. The areas obtained for the m/e 324 and 292 Ions were 
normalized to the value obtained for the area of the nl/e 264 iou. The resulrs of this 

analysis (Table III) show that the leading edge of the gas-chromatograph peak is 
enriched in the derivative of terminal glucose, whereas the trailing edge is enriched 
in the derivative of terminal mannose. 

An eKort was made to determine whether the obsc&Ted differences iu c.i. 
spectra were dependent on the condition of the mass-spectrometer source. After 
all of the foregoing data had been collected, the source was disassembled, cleaned, 
and reassembled. Spectra of some of the metbylated hexitol acetates were then 
obtained again. These data from the cleaned source are compared in Table IV with 
the corresponding data obtained earlier. Essentially all of the values obtained upon a 
single injection following cleaning of the source are within the standard deviation 
of the corresponding value ob:ained by multiple injections of multiple samples prior 
to cleaning of the source. 

DISCUSSION 

Our earliest c.i. experiments were made with merhane as the ionizing gas. 
Methane gave large M + I -60 and M + I - 32 ions as well as other lower weight, 
fragment-ions. Differences in the spectra from some aldohexopyranose isomers 
are app;irent with methane ionizdion. However, use of isobutanc as the ionizing 

g2s gives relatively large M + I ions and differentiates between tbe derivatives of the 
aldohexopyranose isomers to a greater extent. Hence, isobutane was used for all 
of the experiments reported here. 

it is important that the data of Table 1 be accurate and reproducible if the 

observed quantitative difl&ences between the spectra of the stcreoisomers of the 
me’rhylated hexitol acetates die to be of value. The following steps have been taken to 
demonstrare that the data are, in fact, useful: 

(I) The data for each isomer in Table I were obtained on many different days. 
The intensity of each ion is the average from at least three spectra taken at different 
times. 

(2) Most of the isomers were prepared from two or thm different starting- 
materials. The identity and purity of each starting material was checked by gas 
chromatography and by e.i. mass spectromztry of the gas-chromatograpb peaks. 
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Furthermore, some of the compounds (the derivatives of the three terminal and three 
4-linked aldohexopyranoses) were introduced into the mass spectrometer on two 
different gc. coluntts (see Methods). These precautions make it highly unlikely 
that any of the differences reported in Table I resulted from ihe presence of 
con!aminants. 

(3) The data in Table 1V show that the spectra remained unchanged, even 
after the mass specuometer had been totally disassembled, cleaned, and reassembled. 

EWI though the data in Table I are reproducible, we did find that the relative 
intensities of the ions are sensitive to the ion-source temperature. At 130’, the m/e 324 
ion of the derivative of terminal mannose becomes about 6% rather than 2.4% of 

the base r?l/e 264 ion. Therefore, the c.i. spectra of the derivative of terminal maunose 
at 130’ begins to resemble more the c-i. spectrum of the derivative of terminal glucose 
at 145”. (However, the relative intensity of the nr/e 324 ion of the derivative of terminal 
gl~~cosc is also incrcascd at 130” as compared to ids’.) Because the c.i. spectra are 
sensitiie to source temperature, it is best to compare the specttrum of an unknown 
derivative with the spectra of known derivatives that have heen injected into the 
g.c.-m.s. just prior to, or following, injection of the unknown. This procedure was 
followed for the examples presented in Tables II and III. 

The c.i. spectra are relatively independent of the isobutane pressure. Never- 
theless, care was taken to use the same pressure of isobutane (see Methods) in all 
experiments in order IO minimize any undetected differences. 

The data presented in this paper demonstrate that the three terminal aldo- 
hexopqTanose derivatives may each be identified from their isobutane c.i. mass 
spectra. This is especially useful for identification of the terminal mannosyl and 
glucosyl deri\ativcs, as none of a large variety of gc. columns that we have tested 
separate these derivatives eKectiv;cly. Furthermore, the derivatives of all three + 
linked and all three 3.4-linked hexoses may be distinguished solely on the basis of 
their c-i. spectra. The Ulnked, Minked, and 4,6-lmked galactosyl derivatives may be 
distinguished clearly from the corresponding glucosyl and mannosyl derivatives, 
although the glucosyl and mannosyl derivatives cannot be distinguished from each 
other. Finally, the Z&inked golactosyl and 2,3_lirhed mannosyl derivatives may 
also be distinguished from one another by their c.i. mass spectra. 

An added benefit of c.i. mass spectrometry of the methylated alditol acetates 
is that the molecular \iei.ght of the h¶ + 1 ion unambiguously delineates the number of 
methyl and acetyl groups present in that molecule. In addition, rhe c.i. mass spectra 
of the derivatives of 2.3,~linked aldohexopyranoses yield the m/e values, 405. 376, 
3-B (data not presented), expected for the M + 1, hi+ l-32 and M i- 1 -60 ions, 

resFect.ively; these nz/e values identify these compounds as penta-U-acetyl-mono-O- 
methythexitols. This is useful, as the e.i. spectra from rhe 2,3,4-linked aldohexo- 
pyrnnose are somewhat difficult to interpret, as the only O-methy! group of these 
isomers is at the end of the aldjtol chain. 

It would be interesting to understand why stereoisomers of methylated alditol 
acetates, which have the same sequence of methyl and acetyl groups along rhe hexitol 
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chain, yield different c.i. mass spectra. The observed differences in the fragmentations 
are rather surprising, as these isomers are cpen-chain compounds and free to rotite 
along the carbon backbone. We offer no explanation for the demonstrated differences. 

Chemical-ionization studies of boih underivadzed and variously dkvarizrd 

carbohydrates have been reportedL6. Depending on the ionizing gas, most of the 
spectra consist of M + H and M + NH, ions and/or simple elimination-products from 
these ions. No differences in the spectra of dImerent monosaccharide isomers habe 
been reported. Reinbold ef al.’ have presented the e.i. mzss spectra of per-O-tri- 
metbylsilyl carbohydrate boronate derivatives. These spectra do allow determination 
of tbe relative stereochemistry of the hydrovyl groups. However, this technique can 
only be carried out with unmetbylated sugars and, therefore, is not useful for glycosyl 
linkage-analyses of polysaccbarides. 

METHODS 

Partially methylated, alditol acetates were prepared from oligo- or poly- 
saccharides of known structure by sequential methyl&on, hydrolysis, reduction Lvith 
sodium borodeuteride, and acetylation as described earlier’. These carbohydrates 
consisted of nigetxn and sophorose (Koch-Light Laboratories); laminaran, gentio- 
biose, and guar gum (Sigma Chemical Company); sycamore cell-walls*; and (I +-I)- 
@-galacLan isolated from citrus pectin (S~nkist)~. Other methylated alditol acetates 
were synthesized by formation of the aiditol acetates of intentionally undermettylated 
methyl cc-D-mannopyranoside (Sigma), methyl 8-D-galactopyranoside (Koch- 
Light). aod methyl 8-D-glucopyrancside (Koch-Light). All of the mcthylatsd alditol 
acetates were identified by g.c. retention-times’ and e.i. mass spcctrometry’. All of 
the mass spectra presented were obtained by mass-spectrometric analysis of the 
effluent of a gas cbromatograph, and all of the mass spectra have a single deuterlum 
atom at C-l of the heuilols. which iwas mtroduced during reduction of the correspond- 
ing hexoses mith sodium borodeuteride. 

2JI mass-spectral analyses were performed with a Hewlett-Packard gas 
chromatograpb-mass spectrometer system (hlIodel 5980A) coupled to a Hcwlett- 
Packard data system (Model 5933A). The samples nere introduced through the 
gas chromatopapb. wbkb was fitted with columns containing ethylene plycol 
succinate, ethylene glycol adipate, and XF-I I50 on Gas Chrom P’ or columns 
containing 3% OV-275 and 0.4% XF- I I50 on Gas Cbrcm Q’ ‘. Tbe gas-chromato- 
graph oven was temperature-programmed for all analyses. The program 1~3s varied 
according to the derivnti\es being separated. In all instances, the maximum tem- 

perature was 190”. 

Helium. at a flowrate of 30 ml/min. was used as the carrier gas for e.i. mass 
spectrometry. Methane, at a flowrate of IO ml/min, served as both the carrier gas 
and the ionizing gas for methane c.i. mass spectrometry. Helium, at a flowrate of 
IO ml/min, was the carrier gas for isobutane c-i. mass spectromeiry. 

Isobutane, the ionizing gas, was introduced directly into the source of the mass 
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spectrometer as described by a Hewlett-Packard application note”. The p~~sure 
of ;Ihe Isobuzane in the source was approxiimately 0.5 ton- and the pres:un of the 
helium approximately I.0 torr. Uoder these conditions, essentiaily all of the charged 
iow originate from the isobutane’ ‘. Th? pres,ure of the isobutane, although approx- 
imately 0.5 torr, was always adjusted so that the ratio of the isobutane m/e 39 and 
43 ions was approximately 211. 

The ion-source temperature of the mass spectrometer was maintained at 145” 
(-C_ Y), the electron energy at 48 V, and the filament at 15 mA. The mass spectrometer 
wa-+ usually set to scan from 2OQ-500 atomic-mass units. Hov.eves-, the spectra in 
Fig. 1 were scanned from 60 to 50 atomic-mass units and the data presented in 
Tables II and III were obtained by seiectively focusing on the atomic mass:s indicated 
in the text. The scan speed was usually 1.8 set/scan. 
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