
An idtr;ividct (UV) detector \kith 3 liquid cell. which is i~suttlly used 3s ;i dc- 
tcctor in liquid chromatography, was used as :t selective detector in gas chrornata- 
graphy. Ethanol \-apour \v;ts mised with the etfuent tiom the gas chrornuto~raph. 
the gaseous mistme was led into :t small condenser Ibr the siniitltancous condensation 
aftllr \;:ipour tlnd sample conipancnts. tind then the condensed solution wt.5 led to the 
UV detector_ The scnsitivit_v for ;I substance that contains one benzmc ring is nearly 
the same as that \\ ith ;t thcrrnal conductivity detector (TCD). but thr ;t substance 
such as naphthlenc it is about tw times that with a TCD. 

ISTRODUCTlOS 

Gas clirom:~to~ra~~li~ (CC) with the ~1st of an ultraviolet (UV) detector has 
hecn rq.mrtcJ by scvcra1 \vorkers~-‘_ tllc Jctecror cotisisting of ;i UV speclrometer 
v:ith ;t sptxi:lll_v dcsigncd gas cell’-:‘_ Rccetitly, 3 UV detector :tnd :i relrxtive index 

dtttxtor for liquid chrl~,maro~r~tph?l ha\-c been tlevelopcd’. These detectors are provided 

with a liquid ceil :vith z smnll \-olu~nc :ind they are alw applicdk as dr-tectars For GC 
ii‘ the gaseous cttlucnt frmii the colunin is con\-ertrd into a liquid. 

In our previous \vork;, the vripour of or,, vnic solvent was mised \vith the GC 

ettluent. the gaseous mistwe xis Id into the condenser for the siniidtaneoits conden- 

sation of the \*apoitr and sample coniponr’nts and th2 condensed solution \t’as lcci to 

an IR liquid cell”- or a firtction collector”. 

This paper describes the combination ofn UV detector ami a thermal conduc- 

tivity dctcctor (TCD) in GC_ The UV dctrctor has :t liquid cell and is ust~ally used 
3s the detector in liquid chroiiiata~rttph~_ 



I71 T. TSUDA. D_ 1ScIll 

EXPERIMEXTAL 

A pump that delivered liquid at 3 constant flow-rate was utilized to pump the 
etlluent liquid into a vaporkin, 0 unit for the purpose ofconverting it into wpour. The 
pump (Type PH R-l A. Tamaseiki Kogyo. Tokyo, Japan) consisted of a stainless- 
steel syringe (40 ml) and ~1 scre\\--rod which puskd the plunger of the syringe at a 
rate vtrryiag from 0.5 to 0.05 mm/min_ while the pumping Row-rate ranged from 280 

to 2S$fmin. This pump is able to compress liquids to 3 pressure of 100 atm. but in 
this wwk comprt5sion to ttbour 3 am was used- One of the srtmple injection ports of 
the gas chromatogrrrph \\;ls employed as a vaporizing unit. maintained at 200-250 
b- an electric furntrce. In this \vork. ethanol vapour \vas used and in order to obtain 
steady tlow of vapour. a resistant (2 m -. 3 mm I.D.) tube packed with pltlss heads 

\\a~ connected to the port_ The vapour and the column ctlluent were miscd in the tube 
ot‘a three-\xrty joint. The noise level of rhe TCD \Y;IS about 7 :tV owing to the pressure 
variations during misins there. k schematic tlow diagram is shown in Fig. I_ 
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mixture was passed through the capiffar> * gas inlet and came into contact with the 
cold glass waflsr almost all of the condensable vapour condensed around the outlet 
of the capillary. 

The condensed liquid was led into the liquid cell of a UV absorption detector 
(Laboratory Data Control. Riviera Beach, FIX, U.S.A.), which 1~s a cell volume 
of S ;cI and a pass length of 10 mm and measures UV absorption at 29 nm_ 

In order to prevent bubbles from enterin, tr the liquid cell of the detector_ the 
level of the surtke of the condensed liquid in the lower part of- the condenser was 
adjusted by regulating the level of the end of the tube from which the liquid fell after 
passing through the detector;i-“. If the amount of ethanol that entered the vaporizing 
port and the flow-rate of the helium carrier gas remained constant. it was not neces- 
sary to change tfie level of the end of the tube. It was simple to maintain the level of 

tlw surlttce of- rhe liquid in the condenser. 
The head of the capillary w;fs bent to the w:111 of the condenser and its head 

MXS attached to the wall. as shown in Fig. 2. The capillary tube was made in the 
following manr?er_ Tfle centre part of :L glass tube_ about 6 cm in length, was heated 
in a town gas-oxygen flame. then drawn out in the outer part of the flame, so that 

esch end retained its original diameter while the centre part became a ct~piffary with 
an O-D_ of about 1 mn. One end was then held and tfle capillary part \\‘;ts heated in 
the flame for a short time so that tile capiffar~ part bent at ;1 right-angle as ;t result 
of the wcig-ht of the other end. Tflis condenser is superior to other type+: because 
the condensing ttrert on the \~a11 of this condenser is smaller than that of others and 
no condensed liquid remains on the head of the capiffarg. 

A Shimazu -fBPT gas cfiromtitograpfi with a TCD (Shimazu Seisttkusho. 
K~OLO. Japan) was used. Two electric rccordcrs \\-‘t‘rc used: a Model B-361. \vhich 

was t‘urnishrd with 3 pens (Rigtlkudenki Kogyo. Tokyo_ Japan) and a ihodel LER 

9IS (Yokogawv Electric Works. Tolgw. Japan). \vith minimum inputs at full scale 
oftlie chart of IO mV li>r the former and 1 mV for the fatter. Stainless-steel cofumns. 
1-D. 3 nun_ vxrt’ used_ 

All chemicals used \vere of extra pure = wide or analytical reagent grade. The 
columns contained 2OY;; (N-/W) dioctyf pf~tf~alntc on Chromosorb W XW (SO-100 
mesf1) ~llld 5y,, (\vjw) Jietfiyfcnt _ a gfvcof sebacate on C-2 (6040 m~sf~). each column 
length and I.D. being 1 III and 3 I~III. respectively. 

The sample con~fwnents that have been separated in the colunm first pass 
through the TCD. and then the vapour of the sample components is condensed simuf- 
taneously with ethanol vapour to sive an ethandic solution, which passes through 

the UV detector_ Two chromatosrrtms are obtained for each sample injection_ As 
there is some distance between the two detectors, the peak of a cliromatogram from 
the UV detector (UV clm~matogram) is delayed by about S set f-rom the identical 
peak of the cl~romatogram from the TCD (TCD chromttto~ntm). 
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W!len the sample component changes from the gaseous state into the liquid 
state_ its volume is reduced about 300 times. If the sample component in the gaseous 
state is crxxiensed smoothly to give an ethanolic solution and is led into the UV de- 

tector wi~lmttt flow disturbance. the peak \\idths of the TCD and UV chromato- 

grams at halt~beight should be nearly equal. Table 1 gives the ratios of these peak 
widths at half-hei$t (RPW). 

TABLE I 

_ UV chromatogam become larger, the RPW bccomcs smallrr. Wltcn the peak fiidrh 
at hali~lreight of the UV chromatogram is about I5 set and the Ilo\\--rate 4 crhanol 
wpour is abo~tt 100 ms_l:min the RPW is 1.1-1.2 and the patterns ~11~ the TCD and 
UV chromstogt-ams are nearly identical. In this experiment. thr tlow-rate of cthanl~l 
LV:S set at !9S mgjmin and the !lox-rate of helium carrier gas at 40 mljmin. 

The linearity of the I!\’ detector response w:1s csamined. A WM-OX)-irl 
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vol~ime of a 1.62, (v/v) solution of tolutne in ethanol was injected ar.d the peak 
heights of toluene recorded by the TCD and UV detectors were measured and plotted 
against each other (Fig 3)_ The relationship between these peak heights was linear. 

The sensitivity of‘ the UV detector depends on the absorbance of the sample. 
The sensitivity for a sample component that contains one benzene ring is nearly the 
same as that in the TCD, but for a component that contains l-used benzene rings, such 
as naphthalene, it is about ten times that in the ?-CD. The n~ininnm detectable 
aniottnt of sample with this detector is IO-100 ns_ A comparision of the sensitivities 

of the two dctcctors is shown in Fig. 1. 

P 

e 

Some t~*picrii csaniples are showt in Figs. 5-7, which indicate that the peak 
shapes of the UV chromtttograms are nearly the wile as those of‘ the ?-CD chronxa~- 

grams. contirming that the sample coniponents in helium carrier gas are led snioothly 

into the UV detector after passing throyh the TCD_ 
The UV detector detects only those substances which have some absorbance 

in the UV region. in this case ;tt 253 nm_ and is the&ore ;1 selective detector_ III Fig_ 5_ 
ethanol and octane m-e not detected by the UV detector. while in Fig. 6, two unknown 
substances. which may have large abwrbances. ; tre detected. although they give oni? 

stnall peaks in the TCD chromntogrnn:. if the solvent used in a sample solution has 
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fig. 5. Combinzltion of the t\vo detectors. The peaks on the TCD chrc~mtttogram are identilied as 
ethanol_ benzene_ octane_ toluene and U-.xylcne_ from right to left_ Xmount injwted: 0.07 ~1 of 3 mis- 
ture containing cqurtl amounts of the fitr components. Cdumn: 20”.; tw. K) dioct)-1 phthalatc: tcm- 
perrrture 110._ 7 

iCD 

Fig_ 6. Combination of the two detectors_ The peaks on the UV chromatogmm are methyl isobutyl 
ketone, with a retention time of 1-S min. ethylbenzene. isopropylbenzene and t\vo unknowns. from 
right to left_ Amount injected: O_ 1 rrl of an cthanolic solution containin, ~3 10:; (v/v) of methyl isobutxl 
ketone. ethyibenzene and isopropvIbenzene_ Cohtmn: 2OY; dioctyl phthdate: tempemture. 110 ‘_ The 
peaks of the twa unknowns show strong UV absorbances. 
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no absorbance in the UV region. the UV clironiatogram shows no sol~cnt peak. 

Hence. by using ;i UV drtcctor. a component present in small :iinotInts but with a 
l:u-se absarbance_ rmd :I substance that has the same retention time as thar of the 
solvent_ can he detected_ 

The chromato~rrlms of gasoline are she\\ II in Fig 7. The per& ratios of the 

UV and TCD chrc~mat~~~rrims arc 1.1. 0. l and I5 Lx derivatives ot‘ benzene. olelins 
or ketones. and naplithaIenc. respectively. Hence peaks b. d and fare identified 3s 
aletins or ketones_ peaks c. e. g-_ h, i and j are l3enzsne.i. and peak ii is saturated liydro- 
carbons. Comparison nt‘ the t\\o chromatograms of pol_\rhlorinated biphenyls ASO 
indicates the structures of many sample components. 

The quttlitative information obtained by GC is only the retention \-O~LIIII~ of a 
sttniple Lvlien it is analyzed ~itii ii gas cliromatogniph usin, = ;i non-selective detector. 
When t\vo or more detectors are used. one of which is non-selectkv and the other 
selective. \te can obtain mucl~ more information about a sample by means ofCiC_ If 
the UV detector can detect many dift‘rrent \\‘:I\-c numbers si~~~ultuneo~~sl~-. the use of 

such a detector is I~LICII more valuable. Although in IIK present work the UV detector 
detects only one \vavelength. its combination \vith a TCD is very useful. 

When a UV detector is used with it liquid cell_ the window of the cell does 110t 

become dirty as it is washed continuously with the solvent. Hence a liquid cell is 
superior to ;t gas cell_ which becomes dirty as ;t result of condensation of ;t sample. 
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