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SUMMARY 

Thermal diffusion as a disturbing phenomenon in the measurement of small 
surface areas by the dynamic desorption method is described. The origin of the blank 
response caused by thermal diffusion is described for the cooling of the measuring 
column containing the sample in a bath of liquid nitrogen. The influence of the 
flow rate of the mixture of gases, dead volume of the column and composition of the 
,gaseous mixture on the value of the blank response was studied. 

INTRODUCTION 

If changes in temperature occur in chromatographic systems, a base-line 
’ disturbance is noticed. The disturbance is often. caused by the change in the mobile 

phase flow rate, and sometimes by a thermal diffusion process in which the fractiona- 
tion of the components contained originally in the mobile phase occurs. This phe- 
nomenon is known in liquid chromatography’ and is sometimes utilized intentional- 

:., 1ys-4. 
Disturbing phenomena in the measurement of small surface areas in relatively 

,.large volumes of gases by the chromatographic, dynamic desorption .method, were 
studied in our work. The dynamic desorption method, whichis simple from the view- 
,point of the, apparatus,’ precise and rapid, was used!for the determination of the 
specific surface areas of flat materials, consisting in this work of metal plates from the 
tubes of. boiler@, pieces of leather and wood dr paper@. In the ,measurement of ma- 

,; terials with small surface areas, when adsorption ‘tubes with ,relatively ‘large, vplu+s 
m~$t. be ,.used as’ in our case, z&litional: changes’,in the soibate:,conde_tyation, in ,the, 
mixture of gases0-8 

‘, 
occur owing.to thermal diffusion, which increase the:concentration’. 

@%h&ges, caused by the adsorption of thesorbate in the~measured~sample. *IIn’ contrast . . . . 
?to pr,eviouS papers’** in which a modification of ,the' method for ,‘the .;suppreSsion of 
‘tho~%mdesirable ‘phenomena was selected, conditionswe& fo,und,‘such’ thatths U~P ,’ 

: &kii&i~ phenomena occurred to., the’least extent a&d such that the cbntribution~~of, : 
‘;Ithe blank’responseO’c&ld, be determined, When.,detcrrnining the contribution’of, the I,, ,: ,’ .,.,’ . . ,\ .,:: ‘,‘, ‘. ,, .: 
,,. .’ ,’ ,, 
,‘,‘,,_ ” . 1, ~&,,++&&~~~‘f+. (&&;:,:;7i_83~j, 

II .’ , 
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’ blank response, the specific surface area was assumed to he constant over the whole 
area of the investigated material, and, as a result of this, the multiples of the area ix 
studied are also multiples of the specific surface area of the material. \” 

TI-IHORIWICAL 

The origin of the blank response caused by thermal diffusion is described for 
the cooling of the column in a liquid nitrogen bath. A radial temperature gra- 
dient, variable with time, originates in the column at its immersion into the cool- 
ing bath. A radial gradient of concentrations originates owing to thermal diffusion 
in such a way that the concentration of a sorbate is higher than the original concen- 
tration near the column wall in the region of the lower temperature, and lower than 
the original concentration in the column centre. Also, the concentration gradient is 
variable with time, Regarding the fact that the linear velocity of the flow of the mix- 
ture is not constant over the whole column section, the concentration gradient is not 
transferred into the detector with the same velocity. The composition of the gases 
leaving the column changes with time. The longitudinal temperature gradient origi- 
nates at the column outlet at the point of its immersion into the cooling bath, and 
further separation of the components of the gaseous mixture owing to the thermal 
diffusion takes place there. 

The magnitude of the thermal diffusion effect depends on the value of the con- 
centration gradient obtained and its transfer,into the detector. The radial gradient of 
concentrations caused by the column cooling, the probable profile of l.inear velocities 
in the column and changes in the concentration of the gases in the mixture leaving the 
column caused by the radial temperature gradient were calculated for a column with 
a capillary inlet for the gaseous mixture at its centre, I.D. 0.9 cm and length IO cm, 
and for the mixture containing 28O/, (v/v) of nitrogen and 72% (v/v) of hydrogen. 

The changes in the thermal conductivity of the gaseous mixture with temper- 
ature were neglected in the calculations and the actual course of the temperature 
gradient was replaced by a linear one. The radial temperature gradient, variable with 
time, was replaced by its mean value in the limited time interval. Mean temperatures 
near the column wall (2” = 149°K) and at the column centre (‘r’ = 212°K) were 
determined experimentally and the mean temperature in the column (T = 178°K) 
was calculatedD. 

The difference between the concentrations of the sorbate at the column wall 
and centre, expressed in molar fractions, which is obtained in the equilibrium state, 
was calculated from the relationlo: 

it? = &T(T) ln ($7) (1) 

where ii~(T) is the thermal diffusion ratio for temperature T and nitrogen concen- 
tration c = 0,28. The thermal diffusion ratio was calculated11 to a first approximation % 
for the Lennard- Jones’ (6-12) potential, h&T) = 6.72 x x0-2, By substituting P 
r~rr(T) in eqn; I, AC’ = 2.35’ x IO+ is obtained; Assuming the teInperatur$ gradient 
to be linear, the differences in the concentration of nitrogen between the column. 
centre’ and ‘various radial distances, Y, from it were calculated. The maximum devia- 
tion from the,linear course found was.about 5%. That is the reason for describing the 
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concentration profile as a linear function 

WY) = (6.7~ - 1.845) •IO-~ 

BY DYNAMIC DESORPTION METHOD 

of the radial distance: 

73 

(4 

where AC(Y) is the deviation of the nitrogen concentration from its original concen- 
tration in the mixture at a radial distance Y. 

The transfer of the radial concentration gradient into the detector is dependent 
on the distribution of linear velocities of the mixture of gases along the column radius. 

O.I=MR 0.2 0.3 0.4 R 

Fig. I. The profiles of lincnr vclocitics in the column calculntctl according to cqn, 3, (I) 1; = 0.1~5 

ml/see; (2) 1; = 0.250 ml/see. 

The flow is anticipated to be laminar ((A!,) < 4.1) in our case (column with the 
capillary inlet of gases in its centre, length 10 cm, ID, 0.9 cm, flow rate of the mixture 
of gases F = 0.06-1.25 ml/set). The following relation12 holds for the distribu- 
tion of the velocities at laminar flow of the fluid through the circular ring with dia- 
meters R, KR: 

M(Y) = z$ ’ 

I_ Y 
( > 

2 I - K2 
__.- 

R + In (I/K) 
l ln ;. 

( 1 

(I - K4) - gT-$ 

(3) 

The inlet length necessary for the establishment of a parabolic profile of the velocities 
was calculatedi (Le = 0.13 cm). Linear velocity profiles of the given column at the 
flow rates of the gaseous mixture, I; = 0.~~5 and 0.250 ml/set, calculated according 
to ecln. 3 are shown in Fig. I. 

Since along the column cross-section the velocity of the gaseous mixture is not 
constant, the concentration gradient is transferred’into the detector with various 
velocities. It is obvious from Fig. I that the same velocity zct is obtained at a radius 
YC where the sorbate concentration is ct and at a radius ~3 where the concentration of 
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the sorbate is cj. The molecules of the gaseous mixture from these regions will rcacl~ 
the detector in time tt : 

tj = d + tk 

Where L is the COhInn hgth and tk is the time in Which the gaseous mixture passes 
through the space between the column and detector. The mixture with the concen- 
tration ctt passes through the detector in time ti: 

% = co + nctj 

(5) 

where the function AC(~) is given by ecln. 2, YS and rj are the radii, where u = $61 
(~8 < rj). Ry substituting for C(Y) and integrating, the following expression is obtained: 

Act, = 0.022 (0.252 + 3.35 y2 - 1.845 Y) (6) 

Acti were calculated for various tg and the graph of the dependence of AC = f(t) was 
plotted for a flow rate of the gaseous mixture of I; = 0.125 ml/set (Fig. 2). The graph 
in Fig. 2 shows the changes in the concentration of the gaseous mixture, which are 
caused by the radial temperature gradient: in the column during the cooling, 

A longitudinal gradient, in addition to the radial temperature gradient, origi- 
nates in the column at the point of its immersion into the cooling bath, Owing to this 
gradient, further changes occur in the concentration of the mixture of the gases 

Ac*?o’ 

L 

Pig. 2. The changes in the concentration of the gaseous mixture causccl by radial tcmpcraturc 
graclicnt in the column during cooling. I; = 0.125 ml/see. 
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flowing to the detector. If the. gaseous mixture flows along the temperature gradient, 
then the nitrogen volume passing through the column cross-section is given by the 
sum of the volume transferred by the flow, concentration and thermal diffusionlqplG. 
Until the stationary state is established, the transferred volume is not constant along 
the whole length of the column and also the composition of the gaseous mixture 
entering the detector changes with tim.e. The nitrogen concentration increases in the 
region of lower temperature inside the column and decreases in the region of higher 
temperature. At first, the mixture enriched with hydrogen and later with nitrogen 
enters the detector. As soon as one equilibrium state is established, the mixture of the 
gases with the original concentration passes through the detector and the longitudinal 
concentration gradient, which was. calculated I6 for various flow rates of the gaseous 
mixture and is shown in Fig. 3, originates in the column. The changes in nitrogen con- 
centration in the gaseous mixture entering the detector before the establishment of 
the equilibrium state are proportional to the magnitude of this gradient. 

The resulting clranges in the concentration of the gaseous mixture entering the 
detector are given by the sum of the changes caused by the thermal diffusion origi- 
nating as a result of the radial and longitudinal temperature gradients. 

The response is obtained during the column cooling even if no adsorption occurs. 
That part of the curve is designated as positive which corresponds to the decrease in 
nitrogen concentration in the mixture of gases during the column cooling. 

The phenomena taking place during the column heating are somewhat different. 
If the stationary state is established during the column cooling, a longitudinal con- 
centration graclient (Fig. 3) exists in the column. During the column heating, a radial 
temperature gradient is established in the column which leads to the radial concentra- 
tion gradient. In the column centre, in the region of lower temperature, the nitrogen 
concentration increases; near the walls, in the region of higher temp,erature, it de- 

4 

Fig. 3, Longituclinrcl concentration gradient cnusccl by longitudinal temperature graclicnt in the 
column, (1) 1: = o.oG ml/set; (2) 1: = 0.~25 ml/act; Ig) F ‘- 0.250 ml/set; (4) I; = x.25 ml/see. 
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creases. At the same time, a decrease in the longitudinal temperature gradient occurs 
and thus also a decrease in the longitudinal concentration gradient. At first, an in- 
creased concentration of nitrogen and later of hydrogen exists in the mixture of 
gases leaving the column, 

Further, the effects of changes in the flow rate of the gaseous mixture, the dead 
volume of the column,and the concentration of the mixture of gases on the magnitude 
of the concentration changes caused by thermal diffusion were studied. 

The changes in the concentration of the gases leaving the column will be in- 
fluenced by the flow rate of the gaseous mixture. The magnitude of the concentration 
gradient which is established along the column due to the longitudinal temperature 
gradient increases with the decreasing velocity of the flow of the mixture of gases and 
approaches the maximum value which would be obtained in the static system in the 
equilibrium state. The dependence of the concentration gradient caused by the 
longitudinal temperature gradient on the velocity of the flow is obvious from Fig. 3. 
The changes in the concentration of the mixture of the gases entering the detector 
will change in a similar way. The value of the radial concentration gradient will depend 
also on the velocity of the flow of the gas. A certain timeis necessary for the establish- 
ment of the stationary state described by eqn. I. 

Also, the dead volume of the column affects the values of the concentration 
changes caused by thermal diffusion. If the column radius changes, changes in the 
radial temperature gradient take place. The value of the difference in the tempera- 
tures between the column wall and centre and the velocity with which the temper- 
ature of the bath is achieved in the column centre change. The following relatiorP 
was derived for the dependence of the value of the temperature gradient on the 
column radius : 

T ’ 2 =-•‘y 

4Y 

where /J is the linear velocity of the column cooling and 1’ is the temperature diffusivity 
(thermal conductivity/density x specific heat). 

. 

The change in the concentration gradient occurs at the same time as the change 
in the temperature gradient. The dependence is given by eqn. I. The time necessary for 
reaching the bath temperature in the column centre also increases with increasing 
column radius. 

The dead volume of the column is also changed when the amount of measured 
material is increased. 

The value of the concentration gradient caused by thermal diffusion also 
depends on the original composition of the gaseous mixture. The graph of the depen- 
dence is represented by the curve running through a maximum; for the mixture ni- 
trogen-hydrogen the ma,ximum is reached at a concentration of about 45% (v/v) of 
nitrogen. The mixture with a conc,entration of 5-30% (v/v) of nitrogen (the range of 
the validity of the B.E.T. equation) is used for the measurement of surface areas. In 
this range of concentrations the concentration gradient increases with increasing 
concentration of nitrogen. 

When measuring small surface areas in columns with relatively large dead 
volumes, .the total ,response during column cooling is the sum of the blank response 
caused by thermaldiffusion and the’response proportional to the nitrogen adsorption 
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W3ASUREMENT OF SMALL SURFACE AREAS BY DYNAMIC DESORPTION METHOD 77 

on the measured material. Two cases may occur during the measurement: the value 
of the response caused by thermal diffusion remains constant during the experiment 
and the column dead volume changes only slightly with the change in the surface 
area measured or the value of the blank response changes during the experiment and 
the column dead volume also changes with the change in the surface area measured. 

The determination of the contribution of the blank response in both cases and 
the use of the method for the measurement of the surface areas of corroded layers, 
chromatographic papers and pieces of leather were described earliera. 

EXPERIMENTAL . 

The measurement of the blank ~cijx~tse cawzd by thermal clQ$usio~t 
The apparatus for the determination of specific surface areas of adsorbents, 

manufactured in the Institute of Instrumental Analytical Chemistryl’JB, was used for 
the measurement of the blank response caused by thermal diffusion during column 
cooling or heating, Empty glass tubes of four types with different diameters, x (Fig. 4) 

Big. 4. Column types used for tho moasurcmont of the blank rosponsc. Dimensions in mm. 

were used in place of the columns packed with measured materials. Nitrogen was 
used as a sorbate and hydrogen as carrier gas, Liquid nitrogen was used in the cooling 
bath. The same procedure as in the measurement of the surface areas of adsorbents 
by the dynamic desorption method was used for this measurement. 

The mcaswement of temfisratwe changes 
For the column with the capillary inlet for the gaseous mixture in the centre 

(d-type), the changes in the temperatures of thecolumn wall and centre during cooling 
and heating were measured as well as the course of the difference between the 
temperatures of the column centre and wall. A dual thermocouple (copper-constan- 
tan) was. used for ‘the measurement, and the thermoelectric voltage of the thermo- 
couple wasymeasured by means of an EZ 3 recording millivoltmeter (Laboratory 
Equipment, Prague, Czechoslova&ia) . 

When measuring the temperature of the column wall and centre, one contact 
of each thermocouple was placed on the internal side of the column and in the centre of 

J. Chvomalop., 65 (I974 71433 



78 I). KOUibLOV~, M. KREJ~f 

the column on the capillary inlet, and the other one in the bath of crushed ice and 
water. When measuring the difference between the temperatures of the column 
centre and wall, the thermocouple contacts were placed on the internal side of the 
column and on the capillary inlet. The thermocouple calibration was carried out in 
such a way that one contact was kept at o” and the other at loo”, -78O or -195”. 

RESULTSANDDISCUSSION 

The change in the temperature near the column wall and centre and the course 
of the difference between the temperatures of the wall and centre during cooling and 
heating were measured for the column with the capillary inlet of the gaseous mixture 

I 

720 240 360 480 m 
t (kc) 

Fig. 5. The course of the cliffcrcncc of the tcmpornturcs bctwccn the wall and cmtrc of the tub. 
(I) column cooling; (2) column heatixig. 

in the centre, The mean temperatures of the column wall and centre during the cooling 
were discussed in the THEORETICAL section. During the heating the mean temperature 
near the column wall is T = 177’K and in the centre T’ = 166°K. The course of 
the ,difference between the temperatures of the dolunm wall and centre is shown in 
Fig. 5. The maximum difference in the temperatures obtained. on column cooling 
(AT,+-* = 125°K). is ‘higher than that on heating (A TNmax* = 2g”K) but the time 
needed $or balancirig the temperatures is shorter during column cooling (tc = 154 set, ‘I 
tH = 530 set),. The,,meati. value of the temperature difference is A?’ = ,53”K during F 
c6oling’andAT = IOOK during heating. As relatively rapid changes in the temperature 
were measured,‘the~time constant of the thermocotiple and recorder ‘may distort the 
restilts of the ,measurement . 

‘. !It was found that ‘the temperature difference did not change with the change in 
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Fig. G. The depcnclcncc of the ratio of the values of the ncgativc and positive parts of the blsnk 
rcsponsc during cooling on the velocity of the flow of the mixture for a U-tub (1’~ = o.G ml). 

the i-low rate of the gaseous mixture in the region studied (F = 0.06-1.25 ml/set), 
The time needed for balancing the temperatures between the column centre and wall 
also did not change. 

The value of the radial gradient of the temperature and the time needed for 
balancing temperatures affect the value of the radial concentration gradient and its 
transfer into the detector. The contribution of the radial concentration gradient to 
the blank response was calculated with the aid of the relations presented in the 
THEORETICAL section. The result is shown in Fig. 2. The maximum decrease in nitrogen 
concentration is I.1 X Io-3 m.olar fractions of nitrogen. 

Owing to the longitudinal temperature gradient, an increase in the nitrogen 
concentration occurs in the column which is cooled, while in the mixture of the gases 
leaving the column the nitrogen concentration decreases. The decrease in the nitrogen 
concentration in the gaseous mixture entering the detector is proportional to the 
increase in the nitrogen concentration in the column. The longitudinal concentration 
gradient which is established in the column and inlet tubes in the stationary state is 
shown in Fig. 3. The maximum nitrogen concentration occurs, according to Fig. 3, on 
the column outlet, and the concentration decreases towards the column inlet and 
acquires values lower than c,, at higher flow rates of the gas. At first the mixture with 
the decreased, and later with the increased, nitrogen concentration, and after the 
establishment of the stationary state the mixture with the original composition, will 
enter, the detector. The maximum deviation of the concentration in the stationary 
state from the original composition is dependent on the flow rate of the gas.. AC =- 
6.2 x IO-* was calculated for the lowest f-low rate used (F = 0.06 ml/set) and 
AC = 9.15 X 10-a for I; = o (static system). The contribution of the longitudinal 
temperature gradient to the blank response will obviously predominate at low. flow 
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rates of the gas. The value of the concentration change caused by the longitudinal 
temperature gradient will also be influenced by the volume contraction of the gas in 
the column when it is immersed in the cooling bath, which will decrease the flow rate. 
The maximum decrease in the nitrogen concentration, AC = 8.7 x IO-~, was found 
from the experimental curves measured during column cooling. 

The dependence of the height of the positive part of the chromatographic 
curve on the flow rate of the mixture of gases during column cooling and heating was 
investigated for the column with the capillary inlet of the gaseous mixture in its 
centre. The height of the curve was expressed relative to the height of the calibration 
curve. The course of the dependence is different for column cooling and heating owing 
to the different course of the thermal diffusion processes taking place in the column 
during its cooling and heating. During column cooling, the height of the curve in- 
creases with decreasing flow rate for F > 0.2 ml/set, passes through the maximum for 
I; = 0.2 ml/set and decreases at lower values of F. The decrease is obviously due to 
the concentration diffusion which causes the decrease in the concentration gradient 
caused by thermal diffusion, and its influence increases with decreasing flow rate. The 
dependence may be described by the empirical equation: 

k = 3.65. e-2.0 F. I;O.b 
(8) 

During heating, the height of the curve increases with decreasing carrier gas flow rate 
over the whole range of the investigated flow rates. The empirical function was found 
for the dependence: 

12 = 0.066 * F-O*7 (9) 

The dependence of the value of the positive part of the blank response, expressed 
as the volume of the sorbate, on the flow rate of the gas was investigated for this 
column (‘Vn ‘= 4.6 ml), a-type column (VO = 0.6 ml) and b-type column (vo = 
3.7 ml). The dependence has again a different course for column cooling and heating. 
The dependence,may be described during column heating for all the three columns by 
the following relation : 

&,=a-F-l (10) 

where do is the constant ‘for a certain column and composition of the gaseous mixture: 
a 7 0.034 m12/sec for an a-type column ; a = 0.042 mP/sec for a b-type column ; and 
a = 0.058 m12/sec for a d-type column. 

The gaseous mixture containing 24% (v/v) of nitrogen in hydrogen was used 
for the measurerirent in the first two cases, and the gaseous mixture containing 28% 
(v/v) of nitrogen in hydrogen in the third case. 

The dependence of the blank response on the flow rate of the mixture of gases 
during-column cooling was expressed by the function: 

bee-nF ’ ’ ; (11) 
where !b :and nIz’ ‘are the constants for a particular column and composition of the 
gas&us mixture. For an ‘a-type column, b = 0.065 ml and ?z = I.G.sec/ml; and for 
‘a :b-type column, b = 0.‘22 ml ,and n L $0 set/ml. For’a-dLtype,column, the depen- 
‘deice a,gain, p&+s ,through a maximum at F = 0.2 ml/set and can be described 
by a sieilar., function ‘as in ,the case‘of the heiglits : : 
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R, = 4.40 SC? -2.0 F . FO,” (12) 

The ratio of .the values of the negative and positive parts of the response were 
investigated for all three columns during cooling. Tll~ ratio increases with increasing 
flow rate of the gas in all three cases. The dependence for an a-type column is shown 
in Fig. 6. For b- and d-type columns, the negative part of the response is too small 
to register at low velocities of the flow of the gaseous mixture, for the b-type column 
at F < 0.2 ml/set, and for the d-type column at I; c 0,125 ml/set. 

The dependence of the blank response on the magnitude of the cooled dead 
volume of the column was measured for all the column types at two flow rates of the 
gaseous mixture, I; = o.oG and 0.250 ml/set. Empty columns with different radii 
were used for the measurements. Only positive parts of the responses were studied as 
negative parts could not be measured in some cases. The value of the radial tempera- 
ture gradient and the time needed for balancing the temperatures between the 
column centre and wall increase and, at a constant volume velocity, the linear 
velocity of the flow of the gaseous mixture also increases with increasing column radius. 
The value of the blank response will therefore also increase. 

The dependence of the blank response on the value of the cooled column volume 
can be expressed for all the column types during cooling and heating, for the flow rate 
F = o.oG ml/set, by means of the following relation: 

R, = m-V; 03) 

where wz and q are constants for a particular column type, with constant flow rate and 
composition of the gaseous mixture. The values of m and q for all the column types 
during cooling and heating are shown in Table I. The dependence of the blank response 
on the column volume at a flow rate of the gaseous mixture I; = 0,250 ml/set may be 
described by the same relation only during column heating. The values of m and q in 
this case are also shown in Table I. The dependence has another course during col- 
umn cooling. 

The dependence of the blank response on the value of the cooled dead volume, 
which was changed in that the column was gradually filled with glass tubes, was 
determined for the column with the capillary inlet of the gaseous mixture in the 

TABLIS I 

THE EFPECT OIr COLUMN VOLUMlr ON THE MAGNITUDE OP HLANIC RBSPONSE 

Values of constants m m-id q in eqn. 13. 

C00Cirtg Heating 

m 4 m 4 

0.06 

0.25 

a 0.165 1.84 0.105 
b 

1.45 
0,108 0.90 0.155 I,31 

.: 0,047 0.01 dl 2.71 1.46 0.052 0.015 2.Go 1,G8 

a o.oso 
b 

4-32 
0.031 1.41 

C 0.018 1.23 
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THE DEPENDENCE 01’ IJLANK RESPONSE ON THE COOLED DEAD VOLUME 

Mixture: 22% N,, 78% H,, F = o. 125 ml/see. 

4.6 0.981 0.840 
4.0 0.718 O.GI2 
3.6 0.603 0.406 
2.7 0.288 0.201 
1.8 o.ogo 0.057 
- -------------..-I 

centre. The response caused by the adsorption of nitrogen on the glass tubes is 
negligible in comparison with the value of the blank response. Also in this case, the 
dependence of the blank response on the dead volume of the column can be described 
by the empirical equation 13, The results for the mixture of 22% (v/v) of nitrogen and 
78% (v/v) of hydrogen and I; = 0.125 ml/set are listed in Table II. In this case, 
m = 0.018 and Q = 2.G during cooling, and m = 0.011 and 4 = 2.9 during heating. 

-In contrast to the case when the column radius changes with the change in the 
column volume, packing with glass tubes changes neither. the value of the radial 
temperature gradient nor the time necessary for balancing the temperatures between 
the column wall and centre. However, the profile of the flow in the column is disturbed 
and the tubes hinder the thermal diffusion, The linear velocity of the mixture of gases 
increases with decrease in the dead volume of the column at a constant flow rate. The 
same decrease in the blank response also occurs in the case when the column is packed 
with’the material the surface of which is being measured. The contribution of the 
blank response to the total response was determined by means of the glass tubes 
which have a negligible surface area in comparison with that of the material mea- 
sured. 

The dependence of the blank response on the composition of the gases was 
determined for a tube with the capillary inlet in the centre, dead volume 4.0 ml at a 
flow rate F = 0.125 ml/set. From Table III it is obvious that the value of the blank 
response increases, in agreement with the assumptions mentioned previously, with 
increasing nitrogen concentration in the concentration range which was investigated, 

Prom the results presented, it is obvious that in the cases when columns 

THE DEPENDENCE OF THE 13LANK RESPONSE ON THE SORBATE CONCENTRATION IN THE GASBOUS 

MIXTURE 

VII = 4.0 ml. P = 0,125 ml/see. 

c MO vlv NO) % (ml Nal 
n?! 

__ .il 

20 0.600 
24 o.G60 
27 0.680 
30 o-715 
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with relatively large volumes must be used for the measurements of surface areas by 
the dynamic desorption method, the contribution of the blank response to the total 
response measured must not be neglected. The dependence of the blank response on 
the flow rate of the mixture of gases, the value of the cooled dead volume of the col- 
umn and the composition of the gaseous mixture, which were found, were used for 
the selection of suitable conditions for the measurement of small surface areas. The 
methocl was used for the measurement of materials which were not powder-. 
likeGvO (corroded layers on the walls of tubes, pieces of natural and artificial leather, 
chromatographic paper). The tube with the capillary inlet for the mixture of gases in 
the centre was used as the measuring colunin. 

The value of the blank response increases with decreasing flow rate of the 
gaseous mixture, but the ratio of the values of the positive and negative parts of the 
response increase a’i the same time. Tile highest flow rate at which the negative part 
of the response is not measurable was selectecl for the measurement. In the investi- 
gated range of flow rates, the blank response is lower during column heating than 
during cooling if the column with the capillary inlet in the centre is used. That is the 
reason why the desorption curves were selected for the calculations of the surface 
areas measured. 

Tl?e size of the column used is affected by the geometry of the ,material being- 
measured. Measuring columns with relatively large volumes must be used for the 
measurements described above. The contribution of the blank response would 
decrease with the use of columns with smaller volumes but at the same time it would 
be necessary to use smaller samples for the measurements and thus the contribution 
of the response proportional to the adsorbed volume of nitrogen would also decrease. 

The contribution of the blank response and of the response caused by the ad- 
sorption also decreases with decrease in nitrogen concentration in the misture of gases 
used for the measurement. 
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