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RESPONSE PREDICTION OF THE THERMAL CONDUCTIVITY DETECTOR 

WITH LIGHT CARRIER GASES 

In gas chromatography the response of thermal conductivity detectors is de- 
pendent on the physical properties of the solute. This investigation detenninecl that 
signal strengths represented as relative molar response factors can be calculated from 
the critical properties of both the chromatographic fraction and a carrier gas of low 
molecular weight. The approach suggested 1)~ LITTLEW~OD has been adopted and 
appropriately modified with the incorporation of a molecular weight term. The equa- 
tion is applicable to both polar and non-polar compounds when helium or Ilydrogen 
are carrier gases. More significantly, the decrease in response with increased molecular 
symmetry for isomeric compounds is accurately predicted. 

INTRODUCTION 

Investigations 1-4 have confirmed that the signal strength arising from the pres- 
ence of an eluted solute in a typical detector depencls primarily on the nature of the 
solute. MESSNER at nZ.2 reported that these relative molar response (RMR) factors 
were nearly a linear function of molecular weight within a l~on~ologous series and that 
the relative response of a branched hydrocarbon is less than the RMR of the normal 
(It-) isomer. 

Several attempts have been macle to calculate RMR factors theoretically. 
The path most frequently chosen utilizes an appropriate thermal conductivity misture 
formula derived from the kinetic theory of gases. However, difficulties are encounterecl 
because thermal conductivities of the components in a gaseous binary mixture 
(eluted solute and carrier gas) are usually not aclditive. Furthermore the thermal 
conductivity of a mixture cannot be accurately determined in all cases by empirical 
equations. 

HOFTA~ANN” ernployecl the thermal conductivity relationship proposed by WAS- 
SILJIS\VA~ and suggested that cell response is proportional to (K, - K1,)/K1,. I<, 
and K1, represent the therinal conductivity of the carrier gas and the misture 0.f 
solute ancl carrier gas, respectively. Similarly, LITTLEWOOD~~~, Lu+ and MECKE AND 

ZIRIER~” proposed applications of the rigorous Chapman-Enskog tlleoryllq I26 Rel- 
evant to the present stucly is the estension of the Chapman-Enslcog theory which was 

* Present: xlclrcss: Dcpwtlncnt: ol Chclnistry, Ccntcr of i\fatzrinls Fkmwch, UniVcrsit?, of 
Marylat1c1, Collcgc l?arlc, n+, U.S#>\, 
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adopted by LITTLEWOOD ‘. For the case where the mole fraction of one component 
is small (X,), LITTLEWOOD derived the following equation: 

I ‘dK,m & 
------~ 

12 
Kl dX2 - - 2+30-- 

612 
(1) 

where aI2 = (al + a2)/z. The molecular diameters of the carrier gas and solute are 
designated by g1 and c2, respectively. There were four assumptions made by LITTLE- 
WOOD* in the derivation of this equation. 

(I) X2 must be much less than I. 

(2) The molecular weight of the solute (Al,) must be at least twenty times that 
of, the carrier gas (M,). 

‘: (3) Organic molecules may be regarded as rigid spheres. 
(4) The ,validity of the Chapman-Enskog theory is unaffected by the internal 

structure of the solute. 
LITTLEWOOD'S equation illustrates how the thermal conductivity of the carrier 

gas is altered by the presence of solute molecules. As the carrier gas is responsible 
for the heat dissipation in the sensing filament, the solute vapor interferes with this 
process to the extent of their total cross-sectional area, namely, S2a:,. The resulting 
decrease in thermal conductivity is indicated by the minus sign. 

LITTLEWOOD~ stated that collision diameters for only a few compounds are 
available in the literature and also that the concept of a molecular diameter is not 
precise enough to make such values applicable in all circumstances. To alleviate these 
difficulties, he believed that it is feasible that the cross-sectional area of an organic 
molecule is approximately equal to the sum of the cross-sectional areas of its structural 
units, Analyzing the RMR data reported by Rosrr?: AND GROB~, LITTLEWOOD found 
that the RMR factors of these compounds can be determined by addition of the RMR 
values assigned to each structural unit. However, this procedure is unsatisfactory 
for very symmetrical molecules, such as 3-ethylpentane. 

,Recently, NOVAK et nl. i3 chose to predict RMR values through consideration of 
both conductive and convective heat effects. With hydrogen as the carrier gas, the 
calculated response factors agreed well with the experimental data, but theoretical 
predictions were inadequate with nitrogen as carrier gas due to the non-linear re- 
sponse of the detector and peak distortion for both the internal standard and the 
compound under consideration. 

CONCE:PTOFAMOLECULARDIAMET@R 

The thermal conductivity of a vapor is dependent upon its molecular weight 
and distance of closest approach in addition to other molecular properties. The dis- 
tance of closest approach may be defined by the a term in the Lennard-Jones (12 - 6) 

intermolecular potential energy function, 

T'(r) = 4eo [ (;)12 - (;)(I 

in which e, is the maximum energy of attraction of two colliding molecules. The param- 

,I. Cltro9)talagv., 59 (1~171) 269-279 



RESPONSE PREDICTION OF THE THERMAL CONDUCTIVITY DETECTOR 271 

eters a and e, have been related to the viscosity and thermal conductivity of a gas 
near atmospheric pressure by the rigid Chapman-Enskog theoryl2: 

N 
o.oozGGg (ik!T)l/2 

= ___--_-_ 
,2J-&z,w* ( y-“) Ccl’1 

li: _ I .989 x IO-~(T/M)II~ 
- _-_-__-I- 

(32&x2,2)*(7-*) 
[cal/(cm) (see) (“I<)] 

where iI4 is the molecular weight of the gas and 1’ is absolute temperature. The col- 
lision integral, 12(2*2) * (T*), in which T* = /CT/e,, is the resultant of a complex 
set of integrals after the potential function and temperature have been selected. 

Since viscosity and thermal concluctivity are a function of the Lennard-Jones 
parameters, these constants may be determined from the experimental measurements 
by choosing the set of a and e, which fits the data most accurately. Complications 

TABLE I 

LENNARD- JONES PARAMETERS DETERAIINBD FROM VISCOSITY DATA 

Cornfioacnd a (4 e,llz (“K) Reference 

tt-l3uta.m 4.657 531 14 
4,997 410 15 
5.339 310 16 

5.869 208 17 

Bcnzenc 5.349 4 I 2 14 
::= 4x2 387 17 16 

5.270 440 18 

TABLE 11: 

LENNARD-JONES I’ARAhIBTERS CALCULATED FROM VISCOSITY DATA FOR VARIOUS COMPOUNDS IN 

A HOMOLOGOUS SERIES 

Methane 
Etllall C 

Propnuc 
Butane 
PClltElIl~ 

Wcxane 
Hcptn11e 

Octa11c 
Nor1anc 

1Metllnllol 

I~tllanol 
Dirnethyl ether 
Dicthyl cthcr 
Methyl acetate 
Ethyl acctatc 

3.SoS 

4.38-f 
5,240 

5.S69 
G.OCJCJ 

5416 
- 

7,407 333 
8.302 266 
3.066 4.52 
*I ,370 41.5 
.1.2ti.( 412 

5,539 351 
5.0% 4x7 
5.163 531 

140 
23s 
206 

20s 

269 

423 
- 

17 
17 
17 
17 
1-i 
17 
110 vulucs 
rcl~ortccl 

I7 
17 
19 
19 
19 
I9 
19 
19 
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arise in this procedure as there are often multiple sets of u-e,, values which will 
reproduce the same viscosity data. Pairs of a-q, values for +butane and benzene are 
presented in Table I. In addition to the existence of several sets of parameters for 
a given compoun.d, irregularities in reported values are common. The data in Table II 
show that the addition of a methylene group does not contribute a constant amount 
to either the collision diameter or the energy of interaction. 

DETERMINATION OF COLLISION DIAMIETERS 

To eliminate irregular trends and multiple sets of a-e, values, collision diameters 
have been calculated by the empirical expressions reported in the literature. In 
particular, TEE et al .1° found that the following relations accurately reproduced 
experimental viscosity data for fourteen non-polar, non-associated substances: 

0 = 2.36 (TC/PC)ll” (5) 

co Jk = 0.774 T, 

where T, and PC are the critical temperature (“I<) and pressure (atm), respectively. 
Only the additional diameter espressions employed in the present investigation and 
the appropriate designation by which they will be subsequently referred to are pre- 
sented in Table III. 

TABLE III 
COLLISION DIAMETER ESPRESSIONS 

T, = critical temperature (“I<) ; PC = critical pressure (atm) ; If c 
W = acentric factor. 

= critical volume (cm~~/g~nolc) ; 

- 
Des@- Evpvcssion RC_fCVC?ZCC 
nation 

0 = 2.36+7 (xc/Pc)ll” IG 

0 = (2.3454 + 0.2972 bv) (Tc/Pc)‘/” 
0 = 2.3442 eXp (0.1303 cr’) (T,/P,)‘j3 

;z 

0 = (0.8123 -I_ 0.1675 IV) V,V1 IG 

cs = 0.&q V~O.~OO~ 20 
d = (2.3551 - o.os74 Iv) (z-JPc)‘/:’ IG 
a = 0.7s5 Vc113 PI 
cs = 0.561 V$12 
0 = o.GIS V,1/3Tclf18 

17 
17 

The acentric factor, TV, appearing in Table III was introduced by PITZIZR~%~~ 

as a correlating parameter to characterize the acentricity of a molecule and is 
mathematically written as : 

TV = - log I=‘,, . p, - I .oo/T, e o.~ . (7) 

where TV and Pu.,, are the reduced temperature and reduced vapor pressure, re- 
spectively. This technique of defining TV results from the fact that it is sensitive to the 
value of the reduced vapor pressure near the normal boiling point. It 1~~s been found 
that for spherically symmetric species, such as argon, the value of PV,P,, at a reduced 
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TARLE Iv 

Collision diarraeter e.xfivcssiort 
-- 

I 3 8 

7+Pcntnnc 
WllCX~~llC 
?2-Hcptanc 
12-Octane 
?Z-Nonanc 

5.71 5.55 6.13 
607 6.25 0.5s 
6.q: G.GG 0.99 
G-73 7.03 7a39 
7.04 7.39 7.74 

2,2-Dimeth~lbutatlc 

2-Mctllylpcntnne 
3-Mcthylpcntanc 
2-Mcthylhcsanc 
g-Mctllylllcsanc 
3-Ethylpentanc 
2,2,3-Trinmthyllx.~tanc 

$5)~ 

0.00 
G.3G 

6.31 
629 
G.17 

G.ro G.51 
G.20 G-57 
G.17 G.55 
G-59 7.00 

6.53 G.g.+ 
6.50 0.92 
0.33 0.77 

Benzene 

‘I’olLlcllc 

o-Svlcnc 
m-<ylcnc 
+-Sylcnc 
I, 3,5-Trimctllylbcnzctic 

5.34 5.45 5.09 
5*73 5#89 6.17 
6.10 G-35 0.59 
0.17 6.3s 6.0.1. 
6.22 6.q.I 0.05 
6.40 G-70 7.02 

Diethyl ether 5.57 5.69 5.S2 
k\cetone 5.23 5<:{0 5*22 
Methanol 4.42 4.7 I 4.09 
Etllanol 4.76 5.13 4.73 

Hcliuni 
Hvclro~cxi 

3*x 1 
3.22 

3-04 
3.19 

temperature equal to 0.7, is approximately 0.1; thus W = o. More significantly, 
the acentric factor is a convenient measure of the differeke between a given molecule 
and an. inert gas. 

These diameter expressions generate a consistent set of diameters on which 
response prediction can be ‘based. Diameters calculated by espressions I, 3, and S 
are illustrated in Table IV for a few selected compounds. Uy inspection of Table IV 
it can be seen that collision diameters increase linearly with molecular weight for 
compounds belonging to a homologous series. Also, the diameter of a branched com- 
pound is smaller than that of the corresponding normal isomer, e.g., z-methylpentane 
and hesane. I’urthermore, a decrease in collision diameter is associated with increased 
molecular symmetry as a comparison of z-niethylhesane, 3-methylhesane, and 
3-ethylpentane indicates. 

Critical constants and acentric factors for many organic compounds have been 
tabulated”**. For compounds whose molecular constants are unavailable, their critical 
temperature and volume were estimated by LYDERSEN’S nletllod25, the critical pres- 
sure by RIEDEL’S procedurezO and the acentric factor by the technique proposed by 
~D~lISTER2’. 
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FORMULATION OF AN RMR EXPRESSION 

When helium and hydrogen are employed as carrier gases, response behavior 
for compounds of vastly different functionalities can be predicted very well by the 
following equation : - 

2 

n!!t - lx?1 'I, 
--- 1 x 100 

-- 
M4----~ 

The subscripts i, I, and $ refer to the solute under consideration, the carrier gas, and 
benzene (the internal standard), respectively. The first bracketed term in the es- 
pression has been proposed by LITTLEWOOD~, whereas the second term was incorpo- 
rated in the present study to explain the increase in response with a corresponding 
increase in molecular weight. The factor of IOO represents the response of benzene, 
arbitrarily assigned a value of IOO response units per mole. In the calculation of 
an RMR value, the collision diameters of the substances indicated in the above equa- 
tion were computed from the same diameter expression. 

EXPERIMENTAL 

Although this investigation was not designed to be experimentally oriented, 
the RMR of selected compounds were measured with helium as a carrier gas. Hydrogen 
was not employed as a carrier gas with the thermal conductivity detector. 

The injection port and column were located in a Wilkens aerograph Model 
600-B. The detector oven connected externally to the column esit was a Research 
Specialties Model 1601-2 equipped with a proportioning temperature controller ca- 
pable of maintaining a temperature to h0.1~. The column exit and the thermal 
conductivity cell were connected by stainless steel tubing tightly wrapped in a Briskeat 
heating tape. The temperature of the heating tape was controlled by a Variac auto- 
transformer and maintained at 100~. Two partitioning columns were used: (I) a 

6 ft. x I/S in, O.D. stainless steel column containing 20 y0 dinonyl phthalate on 
60-80’ mesh Chromosorb P; (2) a 6 ft. i( 1/4 in. O.D. aluminum tubing containing 
5.3 y0 Carbowax 2oM on Fluoropak So. 

A Gow-Mac Model 9677 thermal conductivity detector was operated at 100~ and 
with a bridge current of IO mA supplied by a Gow-Mac power unit Model gggg-DI616. 
The detector elements were matched glass bead thermistors having a resistance (cold) 
of 8000 Sz. The flow rate of helium was controlled at 37 ml/min by a rotameter 
(Matheson Company). Peak areas were measured by a Nester Faust Summatic 1501 

digital electronic integrator and the chromatographic signals were observed on a 
Leeds and Northrup Speedomax H recorder with a O-I mV range and a chart speed 
of 30 in/h. Injected sample size was less than I ~1. The selected compounds were 
obtained from Matheson, Coleman and Bell and their purity was greater than gg 
mole %. 
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Each compound was mixed with a known weight of benzene or toluene from 
which the mole o/( of each component could be calculated. Each mixture was chro- 
matographed a minimum of three times and two mixtures were prepared for each 
compound. 

The predicted response factors of 68 compounds have been calculated by 
eqn. S and are presented in Table V as a function of the particular collision diameter 
expression employed in the calculations. Included for comparison are the esperimental 
RMR factors reported by MESSNER et nl. O. The experimental RMR data in parentheses 
were determined in the present investigation. Several conclusions may be drawn from 
the inspection of Table V. The predicted RMR values reflect the fact that relative 

J’cntat~c 
Hcsat1e 
I-1cptar1e 
Octane 
Nonanc 
2,z-l~itllctllylbutanc 
2,3-Ditllcthyll~utalle 
2-hletl~~lpelllalle 

3-MctllyllmtntK! 
2,2-Ditnethyll~cntntle 
2,3-Dimc~liyll~ctltnnc 
2,4(-Dit11~tl~~~lp~t~tall(:~t~~ 
2-Mctltyllicsanc 
3-i\lcthylllcsanc 
3-l~tllyllYztltalle 
2,2,3-‘J’t-ittlcl.hylt)IltLLIIL: 
2,2,.1.-Trimethylpctlt:unc 
Cyclopetltallc 

~Ictll~,‘lc?‘clopcllt~lll~ 

1Sthylc~clopctl~~~tl~ 

Cyclohcsnnc 
~Mcthylcyclohcsr~tlc 
Etilylclle 

Propylctic 
lsobutylctle 
t -~3utcne 

cis-z-Dutcnc 
Cvn~zs-2-l3lltcnc 

I., 3-Sutarlicnc 
13ct1zct1c 
‘roluct1c” 
o-Sylcnc” 
~W-SVlCtlO” 
jJ-S~lcnc’~ 
15tll\‘lllctlzC!tlc~’ _ 

105 (IOG) 107 107 107 107 108 IOG 106 10s 
123 (122) 121 123 123 I22 123 I20 119 125 
143 (136) 135 139 139 137 I39 134 132 141 
1Go (1.51) 149 155 IS5 153 I55 14s 145 I57 
177 (tG4) 164 171 17’ IG7 17“ 102 157 173 
IJG 11s 119 119 119 122 117 YIS 123 
I r6 11s 119 119 119 122 IIS 117 123 
120 120 121 1’22 I22 123 119 119 124 

119 I rg 121 I21 121 123 II9 ’ 19 124 

133 130 I32 132 132 135 130 129 137 
135 t3o 133 133 132 135 I30 rag 137 
129 I.32 1.35 135 I35 13s 132 131 140 
136 134 137 137 137 139 133 132 141 
133 132 135 135 135 138 132 131 139 
131 I32 134 135 13-t 137 131 130 I39 
129 129 130 130 129 133 12s 127 135 
147 144 14i 147 14s 154 144 144 157 

97 97 97 97 97 97 97 97 97 
115 III II2 112 1 I2 ‘I I .) III III 114 
I2G I25 127 127 12G 129 125 124 130 
II4 (110) I IO I10 I IO 109 III II0 109 112 
120 I24 125 12s 121 I23 124 119 I24 

4s SG 55 55 54 53 57 5G 52 
G3 73 7 

- ., ‘9 
/- 71 70 

52 SS Hi 6; s- 
;; 

87 z i;: S7 
81 SS 8S SS YS ss S9 ss 
S7 Sg 90 go S9 S7 S9 ss 57 
85 Y- c/ SS 85 sg ss S7 S9 SS 
‘SO S5 S5 S_j 84 S3 S5 S5 83 

IO0 100 100 100 100 100 100 100 100 
110 (II.{) 1x4 11.5 II.5 115 IIG 114 113 116 

130 (124) 130 13” 132 129 130 129 12G 132 
13r (12s) 13” 133 133 131 132 130 127 133 
131 132 13-k 134 130 132 131 127 r33 
129 127 I ‘2 g 130 130 131 12G r2G I33 
. ..- --PC 

(co~tli?l?lcrl 011. p. 276) 
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105 
120 

134 
14s 
IG2 
118 
11s 

119 
119 
130 
131 
133 
134 
133 
132 
129 
147 

97 
112 
126 
110 
121 

52 

z 
SG 
SG 

;; 

100 

*I5 
129. 
129 

*go 
129 
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TABLlZ V (com%wed) 

Compowd 

Propylbenzcne” 
IsopropylbeIlzene~~ 
p-Ethyltolucne~ 
I, z,4-Trimcthylbenzene~ 

I, 3,5-Trimcthylbenzenea 
Ethyl acetczte*L 
Isopropyl acetatetb 
Butyl ‘acetatca 
Isoamyl acetate* 
Dicthyl ether 
Dipropyl ether*& 
Diisopropyl ether 
Butyl ether& 
Ethyl butyl ethera 
Argon 
Nitrogen 
Oxygen 
Carbon monosidc 
Carbon dioxide 
Methanol 
Ethanol 
Propanol 
Isopropanol~ 
BUtamOl~ 

sec.-Butanola 
tert.-UuFanol~~ 
3-Methyl-1-butnnola 
Acetone 
Methyl ethyl lcctonc 
Diethyl ketone 
3,3-Dimethyl-2-butanonc” 
Methyl amyl ketonen 
Methyl hesyl lcctonelb 

145 
142 
1.50 
1.50 
149 (143) 
III (10s) 

121 

135 
145 
110 (107) 
131 
130 
160 
130 

44 
42 
40 
42 
.l.S 
5.5 (55) 
72 (72) 
53 (SG) 
S5 (85) 
95 (99) 

z (96) 
107 

SG (S3) 
9S 

110 

11s 

133 
147 

‘43 
I43 
144 
I43 
I43 
III 

121 

137 
149 
*o4 
I29 
I29 
157 
I30 

51 
49 
47 
49 

227 
75 
90 
91 

IO3 
103 
IO3 
115 
90 

IO3 
II5 
I27 
143 
I5G 

147 147 
I49 I49 
14s I4S 
I47 I47 
147 I47 
1x4 II4 
124 I25 
141 141 
153 I54 
104 IO4 
I33 I34 
132 I32 
105 IG5 
I34 I34 

49 49 

g $:, 
48 4S 

2; 2; 
so so 
95 9G 
99 99 

110 1'10 

110 110 

110 III 

I23 124. 

91 91 
105 IO5 

11s 118 

129 129 

150 150 
IG5 106 

I45 
I49 
I45 
140 
I47 
IJ2 
124 
I39 
150 
101 
I34 
131 
104 
13-t 

1;: 
40 
.@ 
Go 
02 
so 
95 
99 

III 
IO9 
III 

121 

s7 
102 

119 
127 
I47 
102 

14s 
14s 
147 
lq.7 

I47 
10s 
I23 
I39 
I53 
101 

I33 
I32 
IG3 
133 

47 
45 
44 
4G 
53 
53 

gg 

SO 
101 
100 
101 
IO9 

S3 
99 

I*7 
I27 
I45 
I59 

I.42 

141 
142 

I41 
140 
III 

120 

136 
I4S 
IO4 
J2S 

12s 

I55 
12s 

51 
49 
.I s 

;; 

74 
ss 
ss 

IOI 
102 
101 
112 

90 
102 
II4 
126 
I 4 I 
I54 

I .I0 I5O 
Tq.0 150 
I39 148 
I39 14s 
I39 14s 
107 IO9 
120 124 
133 *-to 
144 155 
101 101 
127 I35 
I .zG 133 
I51 TOG 
127 I35 

52 45 
50 4-t 
49 42 

;s 2s 
57 52 
73 G9 
Sj 55 
Sj S5 

IO1 102 
100 100 
101 102 
10s IO9 

S5 83 
99 99 

I I.+ IIS 
1'2 3 

13i 
12s 
I47 

I-t9 1G2 

I44 
I44 
I43 
143 
I43 
IO7 
120 

I35 
I4S 
IO0 
I29 
I27 
I5G 
129 
45 
43 
43 
44 
53 
55 

s7z 
SG 

101 

100 

100 

10s 

S4 

99 
115 
r 24 
140 
15-F 

-- -. 

a Estimation of critical constants. 
b The numbers I-g refer to the collision clinmctcr cxprcssions as given in Table III:. 

response is indeed a linear function of molecular weight for compounds of a homol- 
ogous series. In the case of the a.lkanes, slightly better agreement is obtained when 
the experimental factors of our study serve as the basis for comparison. The calculated 
RMR factors of branched compounds are less than the response factors of their 
corresponding normal isomer. An example of this effect is the isomeric pair 2,2-di- 
methylbutane and pz-hexane. Moreover, eqn. 7 can also account for the decrease in 
response associated with increased molecular symmetry for isomers, e.g., z+methyl- ’ 

hexane, 3-methylhexane, 3-ethylpentane, and z,2,3-trimethylbutane. 
Other trends in response are very adequately predicted as can be observed by 

a comparison of the coinputcd and experimental factors of 1,3-butadiene with those 
of the isomeric butenes. In addition, surprisingly good agreement between the two 
sets of RMR values is achieved for the aromatics, acetates and ethers although their 
critical constants have been estimated. For the permanent gases studied, the calcu- 
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‘I’ABLE \‘I’ 

xrct11a11c 
l~tllalle 
Propane 
ULlC~~lX 

PeIlt~~llc 

I-Iesane 
H~pt~lW 
Octm1e 
Nollaxlc 
Rcnzcne 
‘_l.*olLlcllc 

Cyc1011csa11c 
lbtliyl ctlicr 
Acdz011c 
Dicl~loromctl~nnc 
C1110rcJf0r111 
Carbon tctmchloriclc 
Carbon clist~lliclc 
Mctllallol 

I~tllallol 

l?rolmn 0 I 
isolxolx~nol 

I3utLtllol 

IsobLltnllol 

1%?11ta1101 

1311yl ucctatc 

41 
5s 
;3 
L7 

J.04. 

118 

133 
‘50 
- 
100 

I12 

IOG 

112 

YG 
- 

- 

- 

- 

02 

75 
- 
- 
-_ 
- 
- 
- 

- - 2: 
- 77 
- 91 
102 106 

I23 120 

132 134 
152 I4t-8 
1 ‘S=j 102 

100 100 

IIG II3 

105 109 
IO1 IO3 

S9 90 

85 91 
99 104 

I I2 122 
84 s 
59 b; 
69 75 

- S9 
- 90 
- 103 
- 103 
- 116 
- III 

42 42 
GO GO 
7G 7G 
91 91 

107 107 
122 122 

138 I3S 
1.53 15-F 
109 IGg 
100 100 

‘I5 115 
109 109 
104 ?O.i 

91 91 
91 91 

104 IO4 

121 I21 

80 SO 

G6 GO 
80 SO 

95 95 
98 99 

rog II0 

109 110 

122 123 
1r.3 11.~ 

43 
GO 
76 
91 

IOG 

I21 

136 
151 
105 
TOO 
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lated RMR factors are slightly greater than the experimental ones. However, it is 
quite possible that these deviations may be attributed to teclnklues by which RMR 
values of gaseous substances are determined. 

Conceding an error of 3 yO in the esperimental measurement of a response 
factor, the overall agreement can be considered excellently, especially for those com- 
pounds lvllose molecular constants have been estimated. Essentially the accuracy of 
the preclicted factors clepends on the accuracy of the molecular constants and the 
validity of the esponent of the molecular weight term in eqn. 7, An exponent of 
1/z procluces slightly better agreement for the permanent gases but a value of I/4 
is satisfactory for the overall molecular weight range considerecl. 

PRIXJICTED RMR DATA WITH HYDROGEN AS CARRIISR GAS 

Although hydrogen is not ordinarily used as a carrier gas in conjunction with 
the thermal concluctivity cletector, a limitecl amount of RMR clata has been re- 
portecF9 ?*, and is presented in Table VI together with the computed factors of twenty 
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compounds. The ability of a given collision diameter expression to accommodate 
both polar and non-polar substances is again demonstrated. In addition, the experi- 
mental and calculated RMR data are almost identical with those determined with 
helium as carrier gas. This agreement can be justified by considering the molecular 
weight and collision diameters of these gases. Since the molecular weight of both 
carrier gases is much less than that of most organic compounds, the magnitudes 
of the molecular weight term,in the RMR equation are nearly identical for a partic- 
ular solute with each carrier gas. Moreover, the collision diameters of helium and 
hydrogen are approximately equal, as can be seen in Table IV. 

CONCLUSIONS 

This investigation has determined that the concept of a collision diameter, 
whicli is speci.fied in the Lennard-Jones potential function, may be successfully 
utilized in the calculation of response factors for a typical thermal conductivity 
detector. Because the diameter expressions are a function of molecular properties, 
tlie computed diameters provide a measure of the size of the solute vapor relative to 
the size of the carrier gas. However, these calculated diameters should not be con- 
fused with the concept of a “true” molecular diameter. 

The independence of the computed RMR on molecular polarity can be explained 
by consideration of the environment of the chromatographic solute. In a gas chroma- 
tographic analysis, the mole fraction of eluted solute is much less than unity; thus, 
solute-solute interactions are minimized whereas solute-carrier gas interactions pre- 
dominate. Consequently, the calculation of diameters for both non-polar and polar 
compounds by the same expression is justified because the appropriate molecular 
constants serve as a relative measurement of size. Furthermore, molecular interac- 
tions, such as hydrogen bonding and dipole-dipole effects, are essentially absent for 
polar substances under conventional gas chromatographic conditions. 

With nitrogen as carrier gas, our RMR equation failed to predict the esperi- 
mental data. Response prediction with this carrier gas will be the subject of a later 
communication. 
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