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SUMMARY ‘. 

Porous polymer gas chromatographic columns are used in the quantitative 
estimation of water in organic samples, The reliability of using porous polymer beads 
for water-alcohol analyses has been studied and the quantitative results are pre- 
sented. Variations in the results were attributed to preferential losses by adsorption 
of water within the columns. This was demonstrated qualitatively by introducing 
pure deuterated water into the gas chromatograph, allowing the water to elute, 
ancl then detecting any residual water by raising the temperature of the column 
and passing the cflluent into a mass spectrometer. A measure of the amounts of water 
lost was made by injecting known amounts of pure water onto the column, allowing 
the water to elute, and then driving off any residual water for subsequent detection 
with a calibrated gas density detector. 

INTRODUCTION 

The analysis by gcas chromatography (GC) of samples containing water is 
facilitated by u”sing porous polymer head columns, and several papers have been 
published describing the quantitative analysis of water with these materials. NEUMAN’ 

has stated that water can be estimated at a level of 0.01 pg in a lo-@ sample of 
propanol using Porapak R at 140°, with an error of 20 %; for greater amounts 
(about I pg) the error decreases to about 8 %. Unfortunately no details of technique 
are given and no substantiating quantitative results are presented. The water content 
of so-@ chlorophyll solutions has been estimated using a, Porapak Q packing at xxo”, 
in which 5-xo-,ug amounts of water were determined with an accuracy of & IO %, 
using a calibrated katharometer 2. The determination of water in ~-pl aliquots of 
de&ran solutions at the o.Ig-rug level, using Porapak QS has also been reporteds. 
The water content of organic solvents has been estimated using Porapak Q; the 
accuracy was 20 y, at the I-,ug level and 3-6 O/o in the milligram range, using IOO-~1 
samples”. It has recently been shownG that essentially quantitative elution of water 
and ethanol can be achieved from porous polymer bead columns when the proportion 
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of water in the mixture is high (35 T/o). It was also shown that column wall material 
had no effect on quantitative elution. However, should the water content of the 
sample be low, then a small absolute loss of water can become significant in cases 
where small sample sizes (< z ,ul) are analysed. The present work investigates such a 
situation. Water-ethanol samples with water contents in the range 1-30 o/o have 
been quantitatively analysed. A qualitative demonstration of water a+orption using 
combined CC and mass spectrometry (MS) is described, and a technique for the 
direct quantitative estimation of adsorbed water, in which varying amounts of pure 
water are introduced into the gas chromatograph, is presented. The method offers 
several advantages over the conventional GC method of determining adsorption losses. 
The estimation of adsorbed water has been taken to the level of the background water 
in the carrier gas, and to the detection limit of the gas density detector (3 x 10-o 
mmoles ml-l). 

The analysis of smaller absolute quantities of water (< 5 pg) would necessitate 
the use of a more sensitive detector (the micro-katharometer). It is difficult to prepare 
standards containing known amounts of water and to inject these into a gas chromato- 
graph without contamination from atmospheric moisture2, so that for such a study 
a completely closed system is envisaged. 

COLUMN DETAILS 
-- ___-_--- -- 

Colamiv~ No. Paclziq 13atcJi No.n I,V~igl~t of 
$acJriwg (6) 

----_- -___-_--- _- _-._~-----_.-_- 

s Pompnk Q 7 7.40 
IO Porqmlc QS Y 7.49 

’ 13 Porapalc Q-I-I&IDS 7 7.52 
_-_- -____ ._._ -----.---.. -.- .-- --.---._ -- --.. -._- ---_ - 

n = Authors’ assignation. 

RELATIVE COMPOSITION ANALYSES 

The quantitative analyses of water-ethanol mixtures were carried out on a 
Pye 104 chromatograph fitted with a gas density detector. Nitrogen was used as 
carrier gas, and was dried by passing through freshly activated charcoal, prior to 
entering the gas chromatograph. All colum.ns were 1.25 m x 4 mm I.D. stainless- 
steel packed with So-IOO BS mesh Porapak, as detailed in Table I. 

The packing for column 10 was silanized by the manufacturers using dichloro- 
dimethyl silane 0, The packing for column 13 was silanized by the authors with 
l~exametl~yldisila.zane (EIMDS)‘, using the same batch of packing from which column 
8 was prepared. The columns, which had not been used for any analyses prior to this 
work, were conditioned for 15 1-r at 230~ before use. The water-alcohol samples were 
contained in phials fitted with septa. The alcohol was clried by distillation from 
magnesium ethoxide and the residual water content estimated by the GC analysis of 
5-~1 aliquots using column 8 (which is subsequently shown to adsorb relatively little 
water). USing column 8, each mixture was analysed three times at each of four 
different sample, sizes. The compositions of the mixtures are given in Table II. The 
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peak areas of the resulting cl~romatogr,znx4 were measured using a Kent Chromalog II. 
integrator. 

OI'IEl~hTING CONDITIONS 

Apparatus Pyc ~0‘1 chromatograph 
Dctcctor Minigaclc G25 gas density, 2 Glanlent 
Carrier and rclcrcncc gas nitrogen 
Cnrricr gns flow-rntc 4; ml min-’ 
Itcfcrcncc gas flow-rate Too ml min-1 
Column tcmpcraturc I 2o" 
Detector tcmpcrnture I25O 

Dctcctor filament current 150 nib 

Snniplc sizes 0.5. 1.0, 2.0, 5.0 It1 

After completion of the quantitative analyses on column 8, the column was 
conditioned for rg h at 230” in a stream of dry nitrogen, and silanized i9z s&94 at 
ISO” with 5 X lo-$ injections of bis~trirnethylsilyl)acetamicle (BSA). The column was 
conclitioned for a further 2 11 at 2oo” after which 10 X ro-pl injections of water were 
macle to ensure the removal of any residual BSA. The water-alcohol analyses were 
repeated. 

TABLE .t I 

RBLATIVIS COhIPOSITION ANALYSES-COLURIN 8 
__~__ 

Saq!dr .t’(-)R Pmbv lo 13SA lvcalrnenl 
size (IL!) ---- 

If y. 33ins 

I .Lf7 1.83 
I ,L$I 
I.43 
T *44 

0.46 6.26 
6.13 
6.3’: 
6.2.5 

ro.sz J 0.3” 
lO.L+.a 

IO435 
IO-45 

29.++ 28,qJ 

28.3 I 
28.40 
28.54 

-I-24.5 
- ‘&.OS 
- 2.72 
- 2.04 
-- 3.25 

- 5.11 
- 2.4s 

- 3.25 

- ‘{*XI 

- 3-70 
- 4.34 
- 3.42 
- 3.23 

- 3.84 
- 3.53 
- 3.06 

-41.5 
--44.2 
-23,s 
- 4.0s 
- 23.5 
- 2.79 
- 5.42 
- 7.28 
--r5.1 
- 3.51 
- 8.04 
- r7.4 
- 15.S 
+ 0.88 
- 0.02 

- 7.64 .’ 
_._____ 

‘L x D = true pcrccntagc composition, corrcctctl for the moisture content of ethanol (o.~g~h). 

For tile purposes of comparison, water-alcohol niktures were also analysed 
under the same conditions on columns IO and 13. The,attempt to perform quantitative 
analyses on column IO was abandoned, clue to its very poor performance. The column 
was then silanizecl with USA, and further analyses were carried out. 

Results 
The results are presented in Tables II-IV and give the mean percentage water 

detected (Z values) ancl the percentage bias of these values for each column at each 
sample size. 
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On the basis of the results presented in Table II, the performance of column 8 
prior to BSA treatment was regarded as satisfactory. A.ccuracy of the results did not 
vary significantly either with sample size or with the proportion of water in the sample. 

The percentage bias of all the results was between z y0 and 5 %. Note, however, 
that all bias values, except one, are negative. However, after BSA treatment, results 
were substantially lower and were particularly poor for the mixture containing the 
smallest proportion of water. The variations of the results at different sample sizes were 
far greater than corresponding values obtained prior to BSA treatment. 

Column 8 after BSA treatment, was conditioned for a further 72 h at 23oOand the 
analyses repeated at a single sample size of I pl. The results are presented in Table III. 

TABLE III 

RELATIVE COMPOSITION ANALYSES - COLUMN 8 

*v0 7 % Dins 

2.72 2.36 - 13.2 
5107 4.45 --J2.2 
9023 8.23 - 1cr.a 

22.64 21.49 - 5.06 

- 

There was no improvement in performance, and it was concluded that BSA 
treatment, far from improving quantitative analysis, had a detrimental effect. 
The Porapak QS column (No. IO) gave completely unsatisfactory quantitative results, 
although this is in contrast to the performance of a similar column used in some 
previous work G, thus demonstrating again the variation of performance of porous 
polymer beads from batch to batch. 

TABLlS IV 

RELATIVE COMPOSITION ANALYSES - COJaUMN 13 

15 1.03 0.99 - 3.58 
4.86 3.m -24A 
9.36 8.14 - 13,r 

22.79 2X.88 - 3wl 

87 I .Go I.49 - 6,87 
3.33 3.40 + 2.TO 
9.59 9.46 - J.36 

24.02 24.17 + 0.63 

The results of the analyses carried out on column 13, after 15 11 and a further 
72 h conditioning are presented in Table IV, and refer to a sample size of I pl. Bias 

values are rather high for most analyses although there is some improvement with 
conditioning. 
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WATER ADSORPTION BY POROUS POLYMER BEAD GC COLUMNS 35 

n Asymmetry factors5 and retention times for the water and ethanol peaks for 
both untreated and treated columns are given in Table V. The values refer to I-,ul 

aliquots of the sample containing 30 0/O water. 

TAl3Ll5 v 

RETl%NTION AND ASYILIMETIZY DATA - COLUMNS 8, 10, AND’ I3 

Columa 8 Collrvvtla I(? cOhW?l. .T3 

-t_ BSR + RSA 

Relention tide (see) 
Water 85 80 I35 I33 TO2 

Ethanol 394 390 700 623 357 
Iiclntivc rctcntion 4.52 4.87 5.18 4.70 3951 

Asymm2!vy 
Wstcr 0.19 0.17 0.21 0.28 0.08 

Ethanol 0.25 0.27 0.20 0.28 0.08 

RSA treatment has a negligible effect on the retention times on column 8, and 
on column IO only the ethanol retention was decreased. Retention times are. almost 
double on column IO compared with column 8, although the relative retentions are 

I3 n 

I I 

6 0 
time (mini 

1 I I 

12 6 0 
time (min) 

Fig, I. Chrom,ztogram of wntcr-ethanol mixture (column 8), sample size, I ,A, A = I-I,0 (attcnu- 
ation X 2) ; I3 = cthnnol (sttcnurttion x 5). 

Fig. 2. Chromstogram of water-othnnol mixture (column IO), sample size, I pl, A = I-I,0 (dtonu- 
ation X 2) ; 13 = ethanol (attenuation x 5). 

Y 

J. Chvotnalog~., 68 (1972) 3x-45 



36 T. A. GOUGH, C. I;. SI&fPSON 

of the same order, There was no change in asymmetry factors on column 8 but some 
improvement took place on column IO after silanization. Chromatograms from columns 
8 and IO prior to l3SA treatment al*e shown in Figs. I and 2, respectively. The 
symmetry of the peaks on column 13 was extremely poor. 

GC-R/IS ANALYSIS 

The differences in behaviour between silanized and unsilanized columns may 
be the result of sample adsorption which, using untreated column 8, was either negli- 
gible or of the same order for both water and ethanol. The detection of traces of 
adsorbed water and alcohol was attempted by directly coupling a Pye 104 chromato- 
graph to an Edwards 60” mass spectrometer using a membrane separatofl. The 
separator was designed at the University of Sussex and is shown diagrammatically 
in Fig. 3. The interface is a disc of o.og-mm silicone rubber supported on a glass 
sinter, and clamped between stainless-steel flanges. The flanges are scaled with 
silicone rubber moulding paste cape.ble of withstanding temperatures up to 250~. 
The column effluent was fed into a pneumatically operatad 6-port switching valve, 
such that the effluent was either vented to atmosphere or passed into the mass 
spectrometer via the separator. During venting pure helium was passed over the 
separ.ator interface. The switching valve and separator were both housed in the GC 
oven; and the tiansfer line from the separator to the mass spectrometer was maintained 

The objective of the GC-MS experiments was to study the fate of water intro- 
duced into the GC column, and hence all injections were of pure water, rather than 

GC FID 
I + 

I 

a 
----------- 

\b 

(b) ’ I I I 

1 
m) 

18 20 28 
MS mle 

Fig. 3, Diagram of separator. ;c = silicone mcmbranc; b = glass sintcr. . 

Pig. 4. Background mass spectra, (a) Column 9 cfflucnt to vent; (11) column 9 cfllucnt at 2000 to 
MS; (c)‘col.umn 9 cMucnt st 120~ to MS, after elution of D,O; (cl) mrws spectrum of dcsorbccl D,O 
from column g nt 2000, 
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water-alcol~ol mixtures. In view of the ubiquitous nature of water, deuterated water 
was usecl to ensure that the water detected by the mass spectrometer arose only from 
injected samples. It was therefore not necessary to attempt the task of eliminating 
all extraneous water from the system, although reasonable precautions were taken. 
The column under study (see TableVI) was heated in the GC oven at zoo0 for 15 11, 
with driecl helium carrier gas flowing at 50 ml min-1 vented to atmosphere. A back- 
ground spectrum was recorded (Fig. 4a), the column effluent switched to the mass 
spectrometer and a seconcl spectrum run (l?ig. 4b). The column and separator were 
cooled to IZO’ and go ,ul of deuterated water were injected on to the GC column and 
ventecl until all the water was eluted. Column effluent was then switched to the 
spectrometer and a spectrum run to check that the peak at 172/e 20 was at background 
level (Fig. 4~). The carrier gas flow through the column was turned off, and the column 
heatecl for Lo min at 2oo”, after which the flow was resumed and the effluent swept 
into the mass spectrometer. Spectra were recorded (Fig. 4d). A similar series of runs 
were carried out using so-,ul samples of ethanol. Pig. ga shows the spectrum resulting 
from ethanol clesorption, and Fig. gb the corresponding background spectrum. Details 
of the columns used for these analyses are given in Table VI. 

(b) ’ 1 1 

18 20 

Fig. 5. (a) IvIass spectrum of clcsorbcd ethanol from column 9 at zoo o ; (b) backgrouncl mass spectrum 
of column 0 cf3lucnt 5 min nftcr ethanol clcsorption. 

COLUMN DETAILS 

_---- _- 

colu~u~t Packing Dalch we igIll of 

NO. NO, padzing (6) 

-w- 

9 
IL 
I2 

I’orupnlc Q 

s7 
7.14 

Porapak gS 8.28 
a_ - - 

Column 9 is directly comparable with column 8, and column II with No. 10 
(Table I). An empty column (No. 12) was included to assess the contribution of 
the column wall material to adsorption. 

Rewlts 
Some spectra obtained for the desorption experiments from column CJ are shown 

in Figs. 4 and 5. Adsorption of both water and ethanol has taken place, and heating 
the column to zoo’ was sufficient to desorb at least some of the adsorbate. Similar 
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spectra were obtained using column EX. The contribution ‘of the column walls to 
adsorption was small; a spectrum, obtained using column 12, is shown in Fig. 6 and 
is comparable with Fig. qd. Spectra run at higher sensitivities showed that the porous 
polymer beads continued to bleed substantial amounts of material at 2oo”, even after 
conditioning for g2 11 at 230~ (see Fig. 7). 

I I 
I I I I I I I 

18 20 28 

m IQ 
Fig. 6. Mass spectrum of clcsorbccl D,O from column 12 at 200~. 

I I I I I I I I I 

40 50 60 70 80 100 120 180 

mle 
Fig. 7. Mass spectrum of cfflucnl from column g at zoo”. 

QUANTITATIVE ADSORPTION ANALYSIS 

The qualitative results obtained using a combined GC-MS system show that 
both water. and.ethanol are adsorbed by Porapak columns. It is clearly necessary to 
estimate the proportion of injected water which is lost by adsorption on the porous 
polymer beads in order to place some reliance on water analyses at low concentrations. 
The standard GC procedure for such a determination is to inject progressively smaller 
amounts of the material on to the column and to extrapolate to the limit at which no 
detector response is predicted for a finite volume of sampk?. This procedure is only 
satisfactory where detector response is linear within the region under study, and the 
amount of sample lost by adsorption is relatively high (i.e., of the same order as the 
smallest amount of sample which can be reliably injected and detected). Serious 
errors may result in cases where detector response is non-linear and where excessive 
extrapolation is necessary. 

For the present work a method was devised by which the adsorbed material 
itself is detected after desorption from the column at an elevated temperature. A 
diagram of the system is shown in Fig. 8. The column under study, the switching valve 
and the delay column were contained in a GC oven. The detector was housed in a 
separate oven. The trap to collect desorbed material consisted of a copper U-tube 
in which was held 300 mg of activated charcoal. All transfer lines were of 0.5 mm I.D. 
stainless-steel tubing, and those outside the GC oven were contained within x2-mm 
O.D. flexible metal conduit wrapped in heating tape, thus ensuring uniform heating of 
the lines. 

Pubceduve. With the sw,itching valve in position b (Fig. 8), the sample of water 
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Nitrogen Nitrogen 

\f 

Injection I- 
Column under study 

1 
Vent \I 

point A 

Switching i L -i 
-4 Needle 

_-- valve 
valve 

I r--- 
I 1 

MODE a 1 \I 

Closed X 

r---7 
column 

. 

MODE b 
Detector Reference gas 

J/, 
Outlet 

Fig. 8. Diagram of adsorption apparatus. 

TABLE VII 

OPERATING CONDITIONS 

Gas chromatograph 
Dctcctor 
Switching valve 
Cnrricr and rcfercncc gas 
Gas flow rntcs 

Carrier 
Blcccl 
Rc fcrcncc 

Column oven tcmpcrnturc 
Elution 
Dcsorption 

Trap tcmpcrntures 
Collection 
sweep 

Dctcctor tcmpcrnturc 
Transfer line tcmpcraturc 
Dctcctor filament current 

Pyc 104 

Minigacle 625 gas clcnsity, 4 filament 
Scrvomex type SV 220 

nitrogen clriccl over molecular sicvc 

30 ml min-l (2 strcnms) 
1 ml min-l 
90 ml min-l 

110° 

200 o 

- ICJG” 

.-I_ 2000 

110° 

2050 
125 mA 

is injected and allowed to clute in the conventional manner, and vented to atmosphere. 
The valve is switched to position a, the trap cooled with liquid nitrogen, and the 
column oven temperature -rapidly raised to induce desorption. Adsorbed water is 
collected for a known time (15 min) after which the valve is returned to position b 
whilst the trap is heated to 200~. This ensures that no water can escape from the trap 
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during the heating period (1.5 mill). Finall$ the valve is returned to position a and 
the water swept from the trap into the detector. The delay column is incorporated to 
allow the detector to stabilize before the water reaches the detector. The disturbance 
is kept to a minimum by ensuring that the gas flow rate to the detector is the same 
whether the valve is in position a or b. A continuous small bleed of nitrogen is main- 
tained along line x to prevent back diffusion of water at the tee-junction y when the 
trap is swept. 

Operating conditions and apparatus details are given in Table VII. 
The delay column consisted of a 1.5 m x z mm I.D. stainless-steel column 

containing Porapak T. The weight of packing was 1.3 g, i.e., small compared with 
the weight of Porapak in the column under study (see Table VIII). Hence adsorp- 
tion by the delay column can be discounted particularly as water only comes into 
contact with this column at ~200~. 

15- 

Weight of water injected lug) 

Fig. 9. Dctcctor calibration. 

TABLE VIII 

COLUMN DETAILS 

Column Packing Batch CVcighl of 
No. No. paclcing (8) 

: 
9 

II 
13 
I4 
IS 
IG 

Porapak Q 
Porapak Q-BSA 
Porapak Q 
Porapnk QS 
Porapak Q-EIMDS 
Porapak Q 
Porapak N 
Porspak T 

5 8.00 
7 7.40 

7,14 
s7 8.28 

7.52 
5 7.04 
9 10.1 I 

IO 9.96 

Preliminary experiments were carried out to establish that (a) the majority 
of adsorbed water could be desorbed at 200~ in a reasonable time, (b) the trap was 
equally efficient for all sample sizes, (c) all eluted material was water and not organic 
matter for column bleed, and (d) a su+zient venting time was allowed to clear the tail 
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of the water elution peak ,for the largest amount of water injected. The moisture 
content of the carrier gas was monitored daily, by the same technique. The detector 
was calibrated by injecting into the system at zoo0 water-propanol mixtures con- 
taining known amounts of water and collecting the water in the trap for subsequent 
detection. The adsorption runs were carried out by injecting known volumes of water 
covering the range 0.1-20 ,~l and the amounts lost by adsorption estimated using the 
calibration graph (Fig. 9). To confirm that negligible adsorption of water occurred 
on the column walls and within the switching valve, water was injected into an empty 
column. The amount of water collected was identical to that contained in a carrier 
gas blank. 

The syringes usecl in this work were calibrated by injecting known nominal 
volumes of water into a small sealed vessel containing an absorbent, via a septum. 

The increase in weight of the vessel was measured using an electro-microbalance 
which itself was calibrated using NPL’ standard weights. It is recognizecl that the 
conclitions used to calibrate the syringes are less onerous than those for an injection 
into a gas chromatograph. It nevertheless serves as a useful indication of the absolute 
amounts of water introduced into the system. The columns used for the quantitative 
aclsorption study are listed in Table VIII. 

All packings were 80-100 134; mesh, and columns were conditioned at 210~ 

for a minimum of 15 11 (see also below). It will be noted that columns 8, 9, 13 and 14 
were all prepared from the same batch of Porapak and this enables comparisons to 
be made between the unsilanizccl material (column g), an iqz silzc silanized column 
(No. 8), Porapak silanized prior to packing (No. 159, and the effects of conclitioning 
(cf. Nos. CJ and 14). Prior to the adsorption determinations, column 8 had been con- 
ditioned for several hundred hours at 230”~ and column 14 for only 50 h at 200~. 
Column 4, used in an earlier study s, had been conditioned for about 400 h at 275”. 
Columns 15 and 16 were included in order to make comparisons between porous 
polymer beads of varying polarities. 

TABLE IX 

SYRINGE CALII3RATION 

- 

lQYi?Z@ Nominal voZtwne Lvcigl~l detected 
capacity (pC) injcctcd (111) (jng) 
-- --_- 

I 0.25 0.20 
0.50 0.54 
0.75 0.78 

IO 1.0 0.95 
g:: 5.10 2.56 

7.5 7.Go 

50 JO.0 10.13 
12.5 12.0~ 

15.0 15.37 
17.5 ‘7.78 
20.0 20.35 

__.___I____ .- 

l NPL = Natiolld Physical Laboratory. 
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syringes for each of the various volumes used, is expressed in 
each nominal volume, and is given in Table IX. Each value 

is the mean of three injections. 
The detector calibration graph is shown in Fig. g, from which the quantity 

of adsorbed water for each amount injected on each column, was read. Note that there 
is no necessity to calibrate the detector for any amount of material greater than the 
amounts lost by adsorption. The maximum amounts of water adsorbed by each 
column are listed in Table X. The variations of amounts adsorbed with sample size 
for several of the cohiiiiils are shown in Figs. IO-12. 

Weight of water inlected (mg) 

Fig. IO. Water adsorption on Porapak Q batck 7. X , column 9; 0, Column 13; U, column 1~2. 

Fig. 

Weight of water iniected (mg) 

I I, Water adsorption on Porapak QS column I I, 

All columns adsorbed water, but the extent of adsorption varied with the packing. 
There was no change in the adsorption characteristics of batch 7 Vorapak with the 
extent of conditioning at 230~ (c$ columns g and 14), but WMDS treatment significantly 
increased the capacity of the material to adsorb water (cf. columns g and 13). 
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Column I I, treated with dichlorodimetl~yl silane, also showed substantial adsorption. 
Column 8 (BSA treated) gave a higher adsorption than the same batch of untreated 
I?orapak (column 9). Column 4, which had been conditioned. for 400 11 at qs”, showed 
negligible adsorption, as did a sample of Porapak N and Porapak T. 

Weight of water, injected (mg) 

Fig. 12. Water adsorption on Pornpak N column 15. 

ADSOI~PTION CAPACITY 01’ COLUMNS 

7 
34 
24 
66 
70 
24 
IO 

4 

0.g - 
4.G - 
3.4 IO 

8.0 II 

9.3 IO 

3.4 10 
I.0 12 
O.&l - 

The two columns exhibiting substantial water adsorption were further studied 
by the same technique, covering the range 0.1 to 1.0 mg of injected water, An 
essentially linear variation of adsorption with the amount injected was observed 
(see Fig. 13). 

The proportion of water lost by adsorption on. any of the columns studied for 
a given weight of water injected is obtained directly from the slope of the appropriate 
graph (Figs. 10-12). As an example the variation of the percentage water lost with 
the amount injected on to column 13 is shown in Pig. 14. 

‘On the assumption that water is adsorbed to a greater extent than any organic 
compound, the effect on the percentage composition analysis of an aqueous sample 
is to induce a negative bias, which will depend both on the proportion of water in the 
sample and on the total sample size injected. Values of percentage water adsorbed 
and percentage bias values (Tables II-IV and ref. I) can he compared directl’y, and 



44 T. .A. GOUGH, C. 1;. SIMPSON 

this has been done in an attempt to explain the variation of the relative composition 
analyses of the water-ethanol mixture with different columns. 

The column giving the most satisfactory quantitative analyses adsorbed a 
maximum of only o.g ,ug g-1 of packing (see Table X). The bias of the results was 
negligibly small (+ 0.8 o/,) and within the precision of peak area measurementl” and 
detector response 11. Bias values were negative for all columns showing significant 
adsorption, and the spread of bias values is relatively large for columns showing high 
adsorption of water, Asymmetry factors alone did not give a reliable guide to the 
extent of adsorption, a fact recently noted with reference to adsorption by polytctra- 
fluoroethylene (PTFE)~2. 

Weight of water, i?jected (mg) 

Q. 13. Water n&sorption on column IL and 13. X , COlLllnn II ; c), column 13. 

. 

Wieght of water injected (ma) 

Fig. 14, Proportion of water lost by nclsorption on column 13. 

CONCLU SONS 

Confirming earlier work it is found that the characteristics of Porapak vary 
between batches, but.that,.given a satisfactory b,ztch, the material is suitable for the 
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analysis of samples in which the proportion of water is at least as low as 1 %. However, 
tile mass spectral analysis of GC effluent demonstrates that both water ancl alcohol 
are adsorbed by Porapak columns, A fluantitative assessment of the extent of water 
adsorption using a new technique, showed that poor percentage composition analyses 
with large bias values are associated with columns having high adsorption capacities 
for water, Quantitative elution of water is not enhanced by prolonged thermal 
treatment or by silanization. Incleecl silanization can procluce the opposite effect. 

A porous polymer bead column for quantitative use must be chosen with care, 
and can be selected on the basis of the technique described. in this work. Further, to 
minimize adsorption, analyses should be carried out at the highest practicable 
temperature. 

The authors wish to acknowledge the contribution of Mr. R. CHAMBERLAIN ancl 
Mr. $5. KIPPIN who performed. some of the experimental work. The Government 
Chemist is thanked for granting permission for this paper to be published. 
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