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Chemical Ionization Mass Spectrometry of 
Trime t h y lsilyla t ed Carbohydrates and 
Organic Acids Retained in Uremic Serum 

A. C. Schootst and P. A. Leclercq 
Laboratory of Instrumental Analysis, Eindhoven University of Technology, Eindhoven, The Netherlands 

After appropriate sample pretreatment and derivatization, uremic serum was investigated by combined high 
resolution gas chromatography and mass spectrometry, using both electron impact and chemical ionization 
methods. Electron impact and chemical ionization spectra of a number of identified (trimethylsilylated) 
carbohydrates and organic acids are compared. The utilization of chemical ionization mass spectrometry, with 
isobutane as the reagent gas, is discussed in detail. The influence of the reagent gas pressure on the total ion 
current and on the spectral appearance was studied. The identification of compounds, based on electron impact 
mass spectral data, was confirmed and often aided appreciably by using this technique. The chemical ionization 
spectra of trimethylsilylated alditols and aldonic acids, as well as of other organic acids showed protonated 
molecular ions, whereas aldoses did not. Differences with electron impact spectra are found mainly in the high 
mass region. The loss of one or more trimethylsilanol groups becomes the predominating fragmentation route at 
higher reagent gas pressures. 

INTRODUCTION 

In patients with chronic renal failure a complex of 
symptoms is observed, usually called uremia. ',* These 
symptoms are caused by a disturbance in the homeo- 
static function of the kidney, resulting in hormonal and 
metabolic disorders and in retention of water and toxic 
metabolites. As clinical therapy these patients undergo a 
regular treatment with an 'artificial kidney'. Analytical 
information is important for the improvement of this 
treatment. It may also contribute to a further under- 
standing of the biochemical processes that are important 
in uremia. 

The gas chromatographic (GC) profiling of uremic 
serum, using glass capillary columns, has been reported 
previ~us ly .~  The identification of a number of 
components was described briefly. In this paper chem- 
ical ionization (CI) mass spectrometry (MS) of tri- 
methylsilylated (TMS) components in uremic serum will 
be discussed in detail, and will be compared with the 
electron impact (EI) technique. 

To our knowledge the literature on CI mass spectral 
data of TMS derivatives that are of interest here is rather 
limited. Krutzsch and Kindt4 identified TMS dipeptides 
with isobutane CIMS, and Budzikiewicz and Meissner' 
published isobutane CI spectra of a series of TMS amino 
acids. Ariga etaL6 reported on CI spectra of methoxime- 
TMS derivatives of various prostaglandins with different 
reagent gases. Murata and Takahashi' characterized 
TMS derivatives of some D-hexoses by means of 
ammonia CIMS, while Horton and Wander analysed 
various types of derivatives of sugars by ammonia 
CIMS.8 Johnson et al.9 utilized pyridine as a reagent gas 
for the characterization of glucuronides. Hogg and 
Nagabhushan" studied the CI spectra of 0-acetyl 

t Author to whom all correspondence should be addressed. 

derivatives of monosaccharides and disaccharides with 
different reagent gases. 

The CI spectra of TMS aldoses, alditols, aldonolac- 
tones, aldonic acids and Krebs cycle acids, using iso- 
butane as the reagent gas, have not been reported. 
Therefore, we wish to report on our results with CJMS of 
these classes of compounds. 

EXPERIMENTAL 
~ ~~~~ 

Sample preparation and gas chromatographic profiling 
was carried out as described previ~us ly .~  Carrier gas 
velocity (He) was between 20 and 25 cm s-' .  Glass 
capillary columns (0.25 mm i.d., 45 m), gas phase deac- 
tivated with Carbowax 20M'l and coated with SE-30 
stationary phase, were used. Separations were carried 
out using temperature programming: 110 "C for 2 min, 
5 "C min-' to 210 "C, isothermally at 210 "C for 30 min. 
Samples were injected by means of a 'moving needle' 
type injector.'* 

GCMS was performed on a Finnigan 4000 dual EI/CI 
instrument (Finnigan Corp., Sunnyvale, California, 
USA). Isobutane, purity grade CH 35 (\'Air liquide, 
Paris, France) was used as the reagent gas in the CI 
mode. It was introduced into the ion source via the 
coaxial interface ('make-up line') of the instrument. The 
ionizer pressure in CI was 10 Pa gauge reading, unless 
otherwise indicated. A Pt/Ir capillary (60 cm, 0.1 mm 
i.d.) served as the GCMS interface, which was main- 
tained at a temperature of 245 "C. The gas chromato- 
graphic column was directly coupled to this interface by 
Teflon shrinkable tubing. The mass spectrometric 
operating conditions were: electron energy 70  eV in 
both EI  and CI, source temperature 250°C in EI and 
220 "C in CI, quadrapole offset voltage 5 V, multiplier 
voltage 1700 V. 
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Figure 1. Chemical ionization (isobutane, 10 Pa) total ion current chromatogram of predialytic serum of an uremic patient. fdentified 
components are listed in Table 1. 

RESULTS AND DISCUSSION 

Identification 

Pretreated serum samples3 were injected onto the 
GCMS instrument and showed total ion current (TIC) 
chromatograms like the example shown in Fig. 1. About 
25 peaks from this TIC chromatogram were identified 
by EI and CI mass spectrometry and are listed in Table 
1. Most of these components appeared to be accumu- 
lated in uremic serum and are more or less effectively 
removed by hemodialysis treatment (dialysis ratio 
higher than 1 .43). A number of components gave mul- 
tiple peaks as a result of the derivatization method, or as 
a result of the presence of isomers in the serum sample. 
Mass spectral reference data for EI spectra were 
obtained from Markey et a1.I3 and Heller and Milne.14 

It was expected that, contrary to EI, the CI spectra 
would reveal mostly molecular weight information 
rather than structural information. It appeared that both 
features were combined in the CI spectra, dependent on 
the ionizer pressure of the reagent gas. 

Influence of reagent gas pressure 

To study the pressure dependence of CI spectra, the 
following pure compounds were trimethylsilylated and 
introduced into the ion source via the gas chromato- 
graph: fructose, arabinitol, arabinonic acid, tartaric acid 
and malic acid (the last compound is not usually detected 
in uremic serum; it was included in this study as well as 
arabinose and 1,5-glucolactone). 

The influence of the reagent gas pressure on the TIC 
and on the CI spectra is summarized in Fig. 2. Figure 2(a) 
shows the relationship between the abundances of the 
most important ions in the isobutane plasma and of its 
TIC respectively, and the ionizer pressure. The ionizer 
pressures given are gauge reading values. The data from 
Fig. 2(a) are comparable with those published by Field" 
who stated an accuracy of 10% for the absolute pressure 
measurement. It can be seen that the plasma composi- 
tion is altered in favour of the ion at m / z  57 ([t-C4H9]') 

with increasing pressure, while the [C3H3]+ and [C3H7]' 
ions (at m / z  39 and 43, respectively) become less 
important. Furthermore, it is obvious that the TIC 
decreases markedly at pressures over 20Pa. This 
explains why the TIC of different compounds ionized by 
the isobutane reagent gas, decreases in a similar manner 
with pressure [Fig. 2(b)]. Optimization of the source 
controls (e.g. electron energy variation between 45 and 
110 eV) did not lead to higher TIC values. However, 
some influence on the isobutane plasma composition 

Table 1. Components identified in uremic serum 

Peak 
No. Compound 

(Fig. 1) identification 

9 Urea 
10 Phosphoric acid 
11 Glycerol 
18 Tartronic acid" 
22 Threonine 
26b Homoserinea 
30 A-Pyrrolidone-5- 

32 Threitol" 
33 Erythritol 
35 Erythronic acid 
40a Tartaric acid 
42 2-Deoxyerythropen- 

tonic acid 
49 Arabinitol 
55 Arabinonic acid 
56 Citric acid 
58 Fructose 
61 Galactose 
63 3-deoxyarabino 

hexonic acid" 
66 Glucono-1.4- 

lactone 
67 a-D-Glucose 
72/73 Mannitollglucitol 
75 p-D-Glucose 
76a Mannonic/gluconic 

acid 
78 Myoinositol 
" Tentatively identified. 

carboxylic acid 

Number 
of TMS 
groups 

2 
3 
3 
3 
3 
3 

2 
4 
4 
4 
4 

4 
5 
5 
4 
5 
5 

5 

4 
5 
6 
5 

6 
6 

Highest mass ion 
(mlz )  in 

Mot. W Cl(i-C4Hlo,10Pa) El 

204 205 
314 31 5 
308 309 
336 337 
335 336 
335 336 

273 274 
410 41 1 
41 0 41 1 
424 425 
438 439 

438 439 
512 513 
526 527 
480 48 1 
540 451 
540 451 

540 - 

466 467 
540 451 
614 61 5 
540 451 

628 613 
612 61 3 

204 
314 
293 
292 
320 
320 

258 
320 
320 
379 
423 

423 
320 
333 
465 
437 
435 

345 

466 
435 
42 1 
435 

435 
507 
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- P(i-C,H,,) 

Figure 2. Influence of pressure on ion currents of isobutane 
reagent gas and trimethylsilylated compounds. (a) lsobutane 
reagent gas plasma composition as a function of isobutane 
pressure. (b) Total ion current of 0 fructose, + tartaric acid, W 
arabinitol, and A arabinonic acid as trimethylsilyl derivatives, 
versus reagent gas pressure. The TIC value for the compounds at 
10 Pa is taken to be 100. (c) Variation of the CI character of the 
spectra of the same compounds, represented by the ratio of the 
relative abundances of the [M + I ] +  and mlz 147 ions. In the case 
of fructose the [M-SO]' ion was used instead of the [M+ 11+ ion 
because of the absence of the latter in the CI spectrum. 

and on spectral appearance was observed. In Fig. 2(b) 
the TIC value for a certain amount of derivatized 
compound at a reagent gas pressure of 10 Pa was taken 
to be 100%. The statement by Field16 that CI leads to a 
higher sensitivity than EI, could not be confirmed. On 
the contrary, under optimized conditions in CI as well as 
EI, total ion current in CI was substantially lower than in 
EI  for the same amount of compounds injected. Figure 
2(c) shows the variation in the CI character of the spectra 
of the same compounds with ionizer pressure. It can be 
seen that the carbohydrate-related polyhydroxy 
compounds show a slight increase with the pressure in 
the ratio of relative abundances for the ions [M + I]' and 
m/z  147 ([Me3SiO=SiMe2]'). The latter ion is 
generally present in the EI  spectra of trimethylsilyl 
derivatives of these compounds in high abundance. 
Moreover, this ratio reaches higher values at higher 
reagent gas pressures for tartaric acid and for other di- 
and tricarboxylic acids like fumaric, malic and citric acid, 
which are not included in the Figure. In all experiments 
care was taken that the partial pressure of the sample 
remained smaller than 0.001 x P (i-C4Hl0). 

Figure 3 shows CI spectra of TMS derivatives of malic 
acid and arabinitol at different reagent gas pressures and 
EI spectra. It is obvious that the abundance of molecular 
ions and abundances for simple cleavage ions are 
enhanced as pressure increases. A more detailed 
description of the spectra is given below. 

Comparison of EI and CI spectra 

For the following classes of trimethylsilylated com- 
pounds isobutane (1 0 Pa) CI spectra as well as EI spectra 
were recorded. Many fragment ions in CI have m/z 
values that correspond to peaks in the EI  spectra. Their 
structures are assumed to be the same in both EI and CI. 
The most probable structures are given below in paren- 
theses. The CI (isobutane) spectra are summarized in 
Tables 2 and 3. 

Aldoses 

In parallel to EI spectra" the isobutane CI spectra of the 
al$oses (Table 2) show abundant ions at m/,z 73 
(SiMe3), 147 (Me3SiO=SiMe2), 191 ((Me3Si0)2CH), 
204 (,(Me3SiO-CH):) and 217 (Me&O--CH= 
CH -CH-OSiMe3). 

In the arabinose EI  spectrum m / z  333 is the highest 
mass ion, representing [M- CH3 -TMSOH]'. The 
ratio of the abundances of the ions at m / z  204 and 217 is 
characteristic for a furanose ring structure, both in EI  
and CI modes. No protonated molecular ion is found in 
the CI spectrum of TMS-arabinose. Ions corresponding 
to [M+ 1 - nxTMSOH]' appear at m / z  349, 259 and 
169, respectively, m J z  349 being the highest mass ion. 
The ions at m/z 333 [M+ 1 -CH4-TMSOH]+ and 
m / z  243 [M + 1 - CH, - 2TMSOHl' also appear in the 
CI spectrum, in a higher abundance. 

For the hexoses galactose and fructose (pyranose and 
furanose structures, respectively) highest mass ions were 
observed at m / z  435 and 437 respectively under EI. 
The CI spectra show enhanced abundances in the high 
mass region. The highest mass observed is at m / z  451 
([M+ 1 -TMSOH]' or [M-90]+). In the CI spectra of 
these aldoses the [M + 1 - r2x90]+ ions were also abun- 
dant ( m / z  451,361,271). The m / z  437 ion, observed in 
both EI  and CI, is assumed to correspond to [M- 
CH20TMS]' or [M + 1 - CH30TMSI'. The ions at m/z  
103 ([CH2=OSiMe3]') and 117 ([CHOCH20SiMe2]') 
resulting from ring cleavage under EI  conditions, were 
not seen in the CI spectra of galactose and fructose. In 
general it can be concluded that increasing the reagent 
gas pressure leads to an enhancement of the cleavage of 
protonated functional groups (TMSOH) and a decrease 
in the role of rearrangement or (ring) cleavage processes. 

Alditols 

The alditol CI spectra also have a number of ions in 
common with the corresponding EI  spectra. l8  Re- 
arrangements result in the usual ions at m / z  73 and 147. 
Chain cleavage leads to the ion series m / z  103, 205, 
307,409 and 51 1, depending on the chain length. These 
ions are accompanied by satellites at 90 amu lower, 
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Figure 3. The El spectrum and CI spectra at different reagent gas pressures of trimethylsilyl derivatives of malic acid (a-c) and arabinitol 
(d-f). (a) El; (b) CI, 10 Pa; (c) CI, 36 Pa: (d) El: (e) CI, 10 Pa: (f) CI, 36 Pa. 

corresponding to loss of TMSOH ( m l z  217, 319 and 
421). These ions are also found under EI  conditions. 

Erythritol (straight chain C-4 polyol), arabinitol (C-5) 
and glucitol (C-6) exhibited [M+ 13' ions at m/z  411, 
513 and 615 respectively (Table 2, see also Fig. 3), and 
[M + 1 - nx901' ions were observed too. A substantial 
increase in the abundance of the m / z  129 ion was noted. 
In contrast to these results Wauters etal. did not find any 
molecular ions in the CI isobutane mass spectra of 
trimethylsilylated poly01s.'~ 

Aldonolactones 

The EI  spectra reveal molecular ions at m / z  466 for 
both glucono-1,4- and -1,5-lactones. CI spectra (Table 
2) exhibit [M + 1]+ ions for these compounds in a higher 
abundance. A distinction between the two can be made 
in both EI  and CI on the basis of the relative abundances 
of the ions at mlz  217 and 319. 

Krebs cycle acids 
Aldonic acids 

Arabinonic acid yields a [M+l]+ ion. However, 
gluconic acid showed a highest mass ion at m / z  613 
([M + 1 - CH4]+) (Table 2). Apart from the known rear- 
rangement ions, the CI spectra of the aldonic acids 
showed a m / z  292 ion, similar to the corresponding EI  
spectra.*' This ion is a result of a McLafferty-type 
rearrangement of a trimethylsilyl group, occurring with 
some hydroxy carboxylic acids or dicarboxylic acids. 
Ions at m / z  319, 217 and 205 can be rationalized 
similarly to the alditol spectra. 

Table 3 summarizes the CI spectra of a number of di- 
and tricarboxylic acids. Whereas EI  spectra mainly 
exhibit [M- CH3]+ as the highest mass ion,13 abundant 
[M + 1]+ ions are observed in CI (see also Fig. 3). 

Amino acids 

The spectra of identified amino acids (peak numbers 22, 
26b and 30 in Fig. 1 and Table 1) were in accordance 
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Table 2. Relative abundances (YO) in the monoisotopic CI (isobutane) spectra of trimethylsilated carbohydrates" 

Compound 
name 

(peak number) 

Erythritol 
(33) 

Arabinitol 

Glucitol 
(49) 

(72173) 

Base 
IM+ l l+  m/z peak at Other ions 

Mo1.w [M+ l ]+  -16 -90 -2x90 -3x90 319 305 292 217 205 204 191 189 147 133 117 103 mlz mlr (rel. Int.) 

410 8 - 8 31 - 3 5 - 37 38 12 12 17 26 7 20 19 73 320(1), 293(6), 
279(1), 267(1), 
241 (2), 155(3), 

512 2 - 3 5 24 1 1 - -  33 26 9 9 8 22 7 12 27 79 307(13). 171(3), 
129(68), 

614 2 - 1 1 58 50 5 - 28 54 - 16 11 26 6 15 26 73 419(5), 307(21), 
273(5), 255(7). 
231(32), 17319). 
157(7), 129(11), 

Arabinonic 526 1 3 6 4 4 8 5 2 9 1 2  9 6 - - 2 2 4  7 1 6  73 333(4), 287(4), 
acid (55) 257(4), 171(5), 

161(5), 129(4) 
Gluconic 628 - 1 9 2 26 13 9 22 15 17 7 8 6 31 8 12 18 73 433(49), 423(2), 

acid (76a) 333(16), 307(6), 
277(4), 269(2), 
245(4), 157(6), 
129(8). 

Glucono- 466 8 - 1 4  - -  2 -  22 5 6 7 4 1 4 4  5 8 79 333(2), 332(2), 
1.4-lactone 259(8), 244(4). 
(66) 231(4), 129(6) 

Glucono- 466 7 - - 3 -  6 2 -  7 3 6 7 5 1 8 5  8 9 79 333(3), 259(7). 
1.5-lactone 243(4), 229(5), 
(- 4 2206). 169(5). 

129(15), 

Arabinose 438 - - 9 27 4 -  3 - 3 6  5 2 1  6 5 1 4  4 5 8 79 333(3), 243(3), 
I- 4 231(4), 177(7), 

169(4), 129(7), 

Galactose 540 - - 1 26 3 4 - - 1 6 1 0 4 5 4 0  2 1 3 5  2 -  79 435(2), 393(3), 
(61) 289(3), 265(4), 

24314). 169(3) 
Fructose 540 - - 6 54 7 4 5 -  72 4 -  6 2 2 1  7 6 1 3  72 437(17), 435(3), 

(58) 345(3), 257(4), 
243(4), 231 (6). 
169(7), 129(11) 

a Ions with rel. int. > 0.5% are listed; lowest mass measured was mlr  70. 

~~ ~ ~~~~ 

Table 3. Relative abundances (YO) in the monoisotopic CI (isobutane) spectra of trimethylsilylated Krebs cycle acids" 

Compound name Base Other ions 
(peaknumber) Mol wl IM+ l l+  -16 -90 -2x90 292 217 191 189 147 133 117 peak mlz (re1 int )  

Malic acid 560 26 13 7 15 - 3 4 9 31 6 4 233 307(4), 245(10), lOl(5) 
(- 4 

Tartaric acid 438 7 9 - - 21 3 2 12 26 4 4 73 351(2), 333(3), 321(30) 
(40a) 305(3), 277(14), 219(9) 

Citric acid 480 10 11 - 6 -  2 -  2 28 4 3 73 431(2), 375(8), 363(38) 
(56) 347(9), 301 (61, 273(35) 

Fumaric acid 260 87 100 42 - - 1 -  2 20 5 2 245 185(4), 143(12), 115(4) 
(- -1 

a Ions with rel. int. >0.5% are listed; lowest mass measured was mlz 70. 

with those published by Leimer et dZ1 and Budzikiewicz 
and Meissner.' However, differences in the abundances 
of various ions occurred as a result of different opera- 
tional conditions in our measurements. 

In conclusion, chemical ionization mass spectra at 
lower reagent gas pressures (10 Pa, isobutane) give 
information on molecular weight as well as on structure. 
Whereas the EI spectra of the investigated compounds 
normally contain very few ions in the higher mass region, 
molecular ions are found in the CI spectra of many 
trimethylsilylated compounds of medium molecular 
weight, with the exception of the aldoses. 

At higher pressures (e.g. 36Pa),  the loss of one or 
more TMSOH groups becomes the prevailing frag- 
mentation pathway. 

The total ion current appeared to be inversely pro- 
portional to the reagent gas pressure. This can be 
explained by assuming a limitation of the penetration of 
the electrons into the ion source. 

Chemical ionization with isobutane as the reagent 
gas can be a good aid in the identification of tri- 
methylsilylated compounds in addition to EI spectra. 
'Medium' ionizer pressures (10-25 Pa) must be chosen 
to maintain a reasonable total ion current of the sample 
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molecules, and to obtain relatively abundant high mass 
ions. A variation of the electron energy between 45 and 
110 eV did not influence the total ion current greatly. 

However, lower electron energies (e.g. 45 eV) slightly 
enhance high mass ion abundances. 
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