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The adsorption-deso rp tion phenom enon which occ urs when a mul ticomponent liquid is 
forced t hrough a column of solid adso rbent is acco mpa nied by an evo lution of heat.. The 
res ulting temperature cha nge occurring within the colum n m ay be monitored and correlated 
with t he composit ional changes oceurri ng in the liquid phase. The co nstruc t ion a nd use of 
t he rmisto r sensing cells is descri .bed. These cells a re a n in tegra l part of the column, and 
t hey ar~ maill tal ned at a pl) rOpl:late temp eratures by eit her co nstan t temperature, liquid
clrculatmg baths or by t ra nSlsto l'lzed temperature co ntrollers. Bo t h met hods of temperature 
con trol are described, and vario us app li cations of t he cells a re discussed. 

1. Introduction 

.As par t of a stud y of liquid-solid chromatograph y, 
it was desirable to develop means which would allow 
the process to b e observed at various positions down 
the column length . The adsorption of a liquid upon 
the solid ad orbent causes an evolu Lion of heat, and 
the displacement of this adsorbed liquid by a more 
tenaciously ad orbed liquid produces a fur thcr evolu
tion of h eat. The heats of preferential sorption 
upon a wide variety of solid sorb ents have been 
determined using a calorimeter of simple design.l 

An applicatio n of this principle to observe t he heat 
from the adsorption-desorption process as it takes 
place in the chromatographic column is described 
herein. 

A small thermistor, emb edded in the column 
packing, is used to detect the temper ature changes 
produced by the adsorption-desorption process. 
Since the magni tude of this temperatLU'e change may 
vary from, at most, a few degrees to as li ttle as a 
tenth of a degree, the portion of the column contain
ing the thermistor must be kept at nearly constant 
t emperature if good sensitivity is desired . This is 
achieved by a constant temperature, circula ting 
bath or by electrical resistance h eating with a suit
able controller. The thermistor, the brass block 
which houses and supports the thermistor, and the 
necessary heating jackets arc referred to herein as 
the "cell". Til ese cells provide an in situ analytical 
tool for sensing and r ecording thecbanges in column 
temperature which r esul t from tb e h eat gcnerated 
by adsorption. The iuner diameter of the cell is 
made the same as the inner diam.eter of the columl1' 
the packinO' is continuous through bo th the cell ~ 
and the column; and there are no large obst ructions 
to the liquid flow. Th e cells, describ ed in detail 
later , are connected to the glass column by means 

1 A. Groszek, J. Chromatog. 3,454, (1960) . 

of a kovar-glass seal. As many cells as are desired 
may be placed at predetermined positions down the 
colum n length , and the column behavior may be 
monitored without loss of material and without 
disturbing the cohunn continuity . Not only can 
the progress of the separation, as it occurs on the 
column, be observed , but the collection of fractions 
can be accomplished automatically, and quali tative 
estimates of the differential heats of adsorp tion ca n 
be ob tained. 

2 . Apparatus 

Several different types of cells h ave b ee n co n
structed. IiVhile tbey differ, depending on Lheir 
intended usc, they are similar to the one sbown 111 

figUl'e 1. This cell is made in Lwo secLions which 
are electrically insulated from each otJler by means 
of a Teflon gasket. A glass-coatcd bead thermistor 
(2,000 ohms at 20 °C) is cen tercd b etween the two 
sections, as shown (D ). It has been found tha t the 
2,000-ohm thermistors give adequate r esponse wh en 
used as one arm of a balanced-arm Wh eatstone 
bridge. The platinum-iridium leads of the ther
mistor electrically bridge the two brass cell m em
bers. Th ese sections are held together by spring
loading, which maintains a liquid-tight seal despite 
temperatme changes . The column is packed with 
solid adsorbent so that it is continuous throughout 
the total length of the column, including the cell 
sections. Th e inner diameter is the same as that 
o.f the column so that the chromatographic separa
tIOn may be r ecorded without disturbing the ad
vancing liguid fronts. ;Figure 2 is a s~hema tie 
representatIOn of a typical column showwg two 
different types of cells in a single colmnn. Th e 
upper cell is the sam e as that shown in fi.gure 1. 
In th e upper cell , figure 2, ' vater maintained at a 
c~mstan t temperatme by an auxiliary wa LeI' bath is 
CIrculated through a water jacket. For th e lower 
cell , which is of one-piece design, an electrically
heated copper block is substituted for the water 
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FIGUHE 1. TempemluTe sensing cell . 

A. Kovar to Pyrex gl ad cd seal 
B . Wire soldered to kovaJ , used as electncal contact 
O. Brass-cell bod y 
D . Thermistor bead in place in packed column (bead, O.Q1-in . diaJn) 
E . 'r eflon gasket 
F. Kel-F insu lator 
G. Brass washer 
H. Spring 
1. Screws holdin g cell h alves together 

jacket. The block IS maintained at constant 
temperature by the transistorized proportionating 
controller2 shown in figure 3. 

3 . Experimental Procedure 

An example of the chromatogram obtained with 
this apparatus is given in figure 4. The tcst mixture 
contained equal volumes of n-heptane, carbon 
tetrachloride, and benzene. The mixture was 
chosen to illustrate different degrees of compound 
separation. T en milliliters of this mixture were 
poured onto the top of a silica gel (28- 200 mesh ) 
packed column. The column was 6 It long and % 
in. in diam. The cell was maintained at 30 00. 
Ethyl alcohol was used to elute the test mixture. 

2 The author is indebted to M alcolm Morse of the Instrumentation Division 
for designing this low-cost controller an d for the privilege of including it in this 
paper. The instrument provides control of ± 0.02 °0 for several hours at an 
operating temperature 0[ 60 °0 . 

A 

--
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FIGUHE 2. T ypical packed colu mn . 

Two cells are shown. The top one is a two-piece cell being thermostated by a 
constant-temperature circulatin g liquid . 'rhe lower cell is a one-piece!cell being 
thermostated by an electrically heated jacket which is maintainedLat constant 
tem perature. 

A. Kovar to P yrex graded seal 
B . Wire serving as electrical con tact 
O. J acket containing thermostating liquid 
D. Oell as shown in fig. 1 
E . Electrical contact 
F . Kovar to P yrex graded seals 
G. Brass tubing 
H . Oontrol thermistor 
1. One-piece brass cell 
J. Electrical beatin g wire 
K . Sensing thermistor (glass rod, 0.08-in . diam, 12-in . length) 
L . Glass insnlation . 

The cell was plrteed at the exit end of the column 
so that the refractive indices of the eluent could 
be compared directly with the recorded temperature 
variations. However, it could have been placed 
in any position down tb e length of the column, 
or several cells could have been used in series so as to 
follow the separation process. IV"ben a signal at
tenuation of 30 times was used, the record shown in 
figure 4 was obtained by using a 10-my, poten
tiometric strip-chart recorder. The refractive index 
curve (dotted) was obtained by measuring succes
sive 0.5-ml portions of the sample as it emerged 
from the bottom of the cell. Accumulative error in 
measuring the volume of these cuts is probably 
responsible for the phase shift between the two 
curves. 
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FIGURE 3. TViring diagram for transistorized proportionating 
controller. 

Resistan ce (R ;), )6 watt unless otherwise speci fied 

Thermistors (Z;) 

1 10K 15 100 ohm 
2 470 ohm 16 470 ohm 
3 10 ohm, 1 waLL 17 lK 
4 1]( 18 ]00 ohm 
5 101( 19 JK 
6 800 ohm 20 510 ohm 
i 100 ohm 21 .1 ]( 
8 50 ohm 22 5 K 
9 100 ohm 23 II( 

JO 1050 ohm 24 2.41( 
II 500 ohm 25 a.5 K 
12 470 o hill 26 51 K 
J3 1]( 27 2.5 K 
14 II< 28 51 K 

Capacitors (C; ) 

1 2,000 mfd 2 10,000 mfd 

Transistors (rri) 

1 

2 
3 

2N489,2N490, 'I 21 377 
2N'191 ,2N492 5 2N377 
2N377 6 2N377 
2N377 7 2 377 

Voltage sources (batteries B ;) 
1 + 22 )6 v 4 +6 v 
2+9v 5+9v 
3 +6v 

1,2 800-011m thermistors at operating temperature. 

Relay 

Sigma, 7AOY 3,500 S D- SIL. 3,5OO·ohm dual COils, polarized. 

--- BE NZENE 
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FI GURE 4. Recorded chromatograph. 

10 

10 

Refractive index plot is shown as dashed curve. R efractive indices of tbe pure 
components are shown at left offignre. " A" is the peak due to the h eat ofadsorp
tion of n-beptane; "B" the peak d ue to carbon tetracbloride, "C" that due to 
benzene and " D " that d ue to etha nol. 
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4. Discussion 

T ilis cell has been used wiLh seveml difTel'ent LesL 
mixtures. In all cases disLin cL peaks were obLa ined 
when the refractive indices showed lhaL <1 sep;lmLion 
of the components h ad tHJ\:en place in Lit e column. 
In general, a broad pe::tk is indic::tLive of incompleLe 
separation, ::tnd the amoun t of t;liling appears Lo be 
in versely proport ional to the degree of separaLion . 

The heigh t ::tnd broadness of the p eaks are influ 
enced by many factors such as degree of resolu tion, 
flow rate, thermal conductivity, thermal diffusion, 
cell temperature, etc. Under constant column 
head-pressure, the flow mte is nearly constant, 
and the height and area under the peaks give val
uable informatio n concerning t he r elative differential 
heats of ;1dsorptio ll and quanLit:v of ll1 n,terial. 

The cell nHLY be lIsed to actua te :til HuLomatic 
fracLion collector. This CHll be dOJle by using an 
acij ust",ble limiL-s\\-ikh on t he record er lorotale lhe 
fraction collecti ng table \\-hen ,1 new pe,1k "ppe11l"S. 
For Lhose lllil Leri::tls which do 1l 0L sepuaLe sharply, 
Lhe heading and tailill g of lhe peaks l1Hl.\' be used to 
acLu::tte the fraction collecto r. In t his c"lse, Lhe 
rate of peak decay or bu ildup co uld be used as Ole 
co nLrolling sign::tl. Thi s melhod would have Ul e 
;ldvantage afford ed b y Lhe lakiJlg of [mclion ,1S a 
[u ncLion of changing p uri Ly, bu t a com bina Lion of the 
first method together wiLh lhe usual volum e or 
time-acL uated mechanism. of Lhe fraction collecLor 
would. ;[('hieve n eady Lhe sam e resul t wi Lh much 
silll pIer con Lrol. 

''', hen either Lhe sample or Lhe ::tdsorbenL is elec
t rically conducting, t he cell co nsisLing of the sill gle 
block should be II cd. Th e LhermisLor used in Lh is 
cell ar c of the glass-enclosed prob e L~-pe and arc 
inserted through Lhe side of Lhe cell. Th e probe 
can be sealed in Lhe block wiLli Lhe usual sLuffing 
box arrangemen t or b~- making a ]iquicl-Lig11L sea l 
with epoxy resin or sofL sold er. Such ::t Lhermi tor 
has a mll ch higher heat capacily Lha n lhe bead lype 
and the recorded pea,ks tend Lo be less high . Th e 
l::trger size of this probe does noL see m Lo di srupL Lbe 
flow pattern of Lhe liquid . The problem of increased 
heat c::tpacity c::tn be minimized by using ::t low-gain 
d-e amplifier prior to recording the sign al or by using 
thermistors of higher resistance. 

The use of cells of this and similar types in con
junction with other analytical tools should make a, 
systematic study of liquid-solid chromatographi c 
sepamtion more feasible. 

The author is indebted to Miss Nancy Beach for 
her assistance in the perform::tnce of early experi
ments and to Herbert B . Lowey for his assist::tnce 
in the design ::tncl f::tbric::ttion of the cells. 

(Paper 65C4- 77) 
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