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SUMMARY 

The design of a chromatogmph wiFh a piezoekctric detector capable of 

operating in the 25-100 “C range is described. The instrument permits studies on 
temperature-related bekvior of the piezoekctric crystal and its coatings. The effect 
of temperature on the sensitivity and arralyFicaI characteristics of the detector are 
described_ Whik dekctor sensitivity decreases with temperature and relative resporxe 
of compounds changes, there is an increased scope of analytical capabilities. 

PiezoeEecFric (PZ) sorpFion detectors, f&F originated by King, exhibit a wide 
variety of appficaFions in their use as relative humidity indicators, vacuum micro- 

balances, air potkion monitors, hydrogen gas detectors, and gas chromatographic 
(cc) detectors - . z 3 In each case their principle of operation is similar. A quartz 

crystal vibrating wiFh a constant frequency in the megacycle range exhibits a decrease 
in that frequency when subs%xes ze adsorbed directly on the surface of Fhe crystal 
coated w&h a thin film of liquid or solid adsorb2nF. 

When used as a detector for ii g;rs chromaFographs*5, the response is obtained 
by coating Fhe crystal wi~h a thin film ofFhe same liquid phases commonly used in Fhe 
coitunn. EhxenFs partztiorz into Fhe liquid phase OIL the crysti Fo produce the response 
just as they partition into the liquid phase in Fhe c&mm Fo produce Fhe chromaFo- 

graphye 
The response of a PZ defector for a compound eluted from a CX column can 

be described by Fhe reMion: 

- where A = area response, W = total w2ight of th2 ekent, y = zctivity coeEcient of 
*he-ehient in the crysFa% coating, P” = vapor pressure of Fhe eluent aF Fhe operating 
temperature, F = ca-rier gas flow-rate and C = a constant which is characteristic 

of the. de&&or tempen&ure, the cry&& and the liquid phase used to coat the crystal. 
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This equation,- derived from one presented by fanghorbani and Freuud6, points out 
many of the salient characteristics of &e ?Z detector when it is used in conjunction 
witbGC. . 

-Fiat% the use-of PZ detectors has been limited to room temperature cbromato- 
graphy, studies on the temperature-related characteristics of coated PZ crystals are 
necessary to fully assess the merit of this detectiorr method_ To extend the analyticai 
usefuliless of the PZ technique for GC, a chromatograph and PZ detector cell capable 
of operating between 25 and 100 “C was constructed and its characteristics studied’_ 

iiwruvnental design 
A chromatograph and detector designed for PZ detection above room tem- 

perature was constructed, since no such instrument is commercially available. The 
instrument, a Variable Temperature P!Z chromatograph (VTjPZ), is shown in Fig. I. 
Quart? crystals used were ~-MHZ AT-cut crystals held on a HC6fu base (International 
Crystal Mfg., Oklahoma City, Okl., U.S.A.). The reference crystal remained under 
vacuum in its protective housing, resulting in a reduced noise level and longer crystal 
Iiie (Figs. 2 and 3). Complete details of the circuitry and construction of the instrument 
can be found in ref. 7. 



CRaSS-SECIIBMS 

Fig_ 3. Cross-_-cectional views oftbe VTjPZ detector block v~ith (A) sampb crystal, (B)reference cryst& 
(C) heating cartridge well, (D) &em&or well. Q detator exit, (F) detector entrance, (G) sample 
crystal cavity, 2nd (H) refe,Tnce cryst2l cavity_ 

Crystals were coated with either Carbowav 400 or Hallcomid M 180 L using 
the procedure normally foilowed in this laboratory’*‘. Chromatography was done 
with an l/8 in. 0-D. x 22 in. or 24 in. stainless-steel tubing packed with either 5 “/, 
Carbowax 4UO or 20% Hailcomid h% 180 L on 100-120 mesh Chromosorb W. Ijec- 
fion port and column oven renzperatures were the sane and vtiecl from 25 to 180 “C. 
The detector temperature was controlled separately and could also be varied from 
25 to 100 “C. Air was used as the carrier gas. Exact conditions for each experiment 

are given with the figures. All reagents chromatographed were standards obtzined 
from PolyScience (Evanston, IEE., U.S.A.). 

RESULTS AND DISCUSSfON 

The design of the kT/PZ chromtograph and detector is delineated in Experi- 
mental and illustrated with Figs. E-4. Frequency noise was in the order of 0.02 Hz, 



Fig. 3. Photograph show& constructioo~z cietzik of the piemektric czystaI detector cell. 

and drift wasless fhan 0.02 Hz/min. Note that quick kAuations offrequency were 
filtered out in the frquence-voltage convertor. Overa stability of the oscilI.ators was 
in the order of I part in 1U9 over a typid run of 5-10 min. Cbromatographic peaks 
gave frequency deviations fro& about LOO Hz to less than the noise level, giving a 
dynamk Izmge of mm or m,&B to 1. 

-At room temperatures the detector behaved somewhat similar to previous 
models, except that it was considerably more stable tind less erratic in operation. 
Signal-to-,zoise ratio for a~ injection of 3.5 x 1W7 g of bmzen& was found to be 7, 
establishing the minimum detectable amount of benzene as 1. x IO-’ g. This response 
is comparatie to. tbat~ of a commercially available chromatogr&ph utilizing a PZ 
detector which operates only at room temFrature (PjZ chromatograph; LDC, 
Riviera BeScbF FlYa_, USA]. 

The effect of elevated detector te&&atures -OXI the response of a given coin- 
pound is shown in Fig. 4. Area responses with respect to various detector ten$era&res 
betwecn4Oand-ioO%Were p&tedFixXenticali~~jections o~beti~~~ rt-decmeana' 
nYblfanoI. The response ofeach c~mporrnd decrkases as &e detectmtemperature is 
kmased. Furthermore, the rektive responses ofthese thr& cumpoux&s are seen to 
be temperature dependent:At hi&r teqeratures the conqounds &come more 
.&x&r ti respmse. Kg: 5 shows the &eoreti& response de$endemx tip+-m tempr- 
atwe for the mo_del compounds. Data poi& sere cakuWed ~&XII tie- equat;on- 
pmSe&e&&Sm~&a*FEB@r -1 -_ 



where S = the response wi u&t concentration of She efueut, $3 = a conr;@nt for 8 
give& get of detector and chromtographi& conditions &r5itrariiy set as 1 x 10-*6 to 
zpproxknafe detector res$onse at 46”Q A = the molar heat of vapor&&ion of the 
eluent i_n *@sle (ref.-8) and T = tit4 detfzctor temperature in “K. 

In general, agreement between the experimental data [Fig. 4) and the thm- 
ret&f Ida’& (Fig. 5) is good. Absolute and relative responses vary essenti&y in the 
s&xe matier. Yet thhe actual rate of decrease in response with temperature is not as 
@at as that c&&ted from eqn. 2. This diEerence may be due to changes in W over 
the tetiperaatrrre rmge_investig&ed or pe&nitting the sar@e to inzpinge directly upon 
the _crystaf. The observed PZ d&cfor response at elevated temperatures is higher 
t&m predicted from Fig. 5 and stilf adequate for many analytica uses. Furthermore, 
the detector’s response is linear as was illustrated by sub-microliter injections of 
n-hexane (Fig. 6). 

Nevertheless, the decrease in detector response for increased temperature 
requires that special consideration be given when selecting operaiing conditions. For 
a given temperature the PZ response increases with molecular weight and boiling 
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Fig 5. Thxetical cietector mponse verms temperature. Symbols as in Fig. 4. 
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Frg_ 7. Plot of Iog peak area ~ersz~s boiling point. Conditions: Coiumx~ temper&me, 80°C; detector 
temperature, 74°C; coImm. l/8 ia. 0.D. x 20 in. Stainless-stml tubing packed w&b 5 % Carbow?x 
400 on ioO_120 mesh Chromosorb W; crystal coating, 7pg Carbowax 400; sample, tc-he-e, IZ- 
octane, n+kca.ne and n-dadecane; sample size, 150 pg of each; carrier ~ZS (air) flow-rate, 5 ml/min 

point of the eluting components. In Fi,. m 7 the logarithm of the VT/PZ detector’s area 
response is SIXIL to be proportional to boiling point of the compounds. As the vapor 
pressure of compouzxls decreases, their sensitivity in the PZ detector increases. Yet 
adequate component vapor pressure is a requisite for GC. Therefore, for ezch com- 
ponent there is 8% optimum temperature which is high enough to allow elation within 
a reasonable time but fow enough to allow sensitive PZ detection. 

The design for~a chromzttograph with PZ detection above ambient temperature 
was &scribed and its major paxmeters discussed. It was found to have essentially 
then same characteristics (Le., sensitivity, linearity, etc.) as those with PZ detectors 
used st room remperature_ 

Detector tern,& ture is an important parameter in PZ detection. Relative 
response of componetits vzffwith temperature so tit there is less disaimination 
be&i&n compounds detected at higher tempeLxtures. Absoiufe defector response for 
-a given compound d&eases with increasing temperature. This e&ct was found not 
to be as pronounced as-k predicted from theoreticA considemtions. For optimtlm 
det&$or ~&~I~oELs, tbe_cofumn and detector temperatures Should be Rept as Tow as 
practiwl but.s&icientiy high to elrrfe the component of interest in zz reasonable time. 

- -Thei W/FZ cl~~omatograph md defector extends ;he range of GC PZ detection 
-$o niairycompomds ti+tv2porp?essur& tao EowkGXamb~ent FZcbromatography 

_g.zd protida ffie optionmoffaster &yes at re&xed sensi666es. .~ 
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