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A new gas chramatographic method for molecular weight determinations 
using a gas density detector 

As the signal of a gas density detector depends on the density of gas flowing 
through it, its performance can be used for determination of the molecular weight 
of compounds eluted from a chromatographic column. LIBERTI et aZ.l have determined 
the molecular weights of the components of a sample by adding an external standard 
to it and using two carrier gases, nitrogen and argon. The error in the determination 
of molecular weight by this method was estimated at a level of 3-5 oh (refs. 1-3). 
PARSONS” obtained much better accuracy by means of the so-called bracket method, 
choosing for each component one carrier gas of lower molecular weight and one of 
higher m.olecular weight than that of the component to be determined, By applying 
a very sophisticated procedure PHILLIPS AND TIMMS~ reduced the error of the deter- 
mination of the molecular weight as low as I %. 

In this paper, determination of the molecular weights of sample components 
based on the previously described linear relationship method0*7 is reported. 

Experimeuttal 
Apparatus. The instrument used in this study was a laboratory-constructed 

gas chromatograph with a Gow-Mac Model 091 gas density detector and a Siemens 
o-2.5 mV recorder. A U-shaped copper column of 2 m length x 4 mm I.D. packed with 
15 y0 polyethylene glycol on Chromosorb W (45-60 mesh) was used. The operating 
conditions were: coluinn temperature, 100”; injector temperature, 120~; carrier gas, 
nitrogen ; reference flow rate, 70 m.l/min ; sample flow rate, 30 ml/min ; detector current, 
100 mA; sample size, 0.5 ~1. 

Materialsi Pure ethyl ether was obtained from Chemical Works “Pronit”, 
acetone A.R. grade from Chemical Works Obwiecim, and absolute ethanol 99.8 %, 
qz-propanol for chromatography, and isobutanol for chromatography, from Spirit 
Works Lodb. : * 

Samfiling. Ethyl ether, acetone, ethanol and gz-propanol were mixed together 
in various volume proportions. Ten mixtures were ‘obtained in ‘this way. A known 
amount of, standard, (isobutanol) was added to each accurately weighed mixture, 
Each such sample was injected into the chromatograph three times. The peak areas 
were determined as the products of their height .and half-height width and are 
reported in Table I. 

‘Procedure. According to Procedure I (ref, 6) the following equation can be 
written:, ‘, .,.. I. 
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WEIGHTS OF SAMPLES AND STANDARDS AND PEAI< AREAS 

Sam.ple Jti- W&$&l of W&@ of 
jcc Con rutixtwe, standard, 

Areas of peak, Pi (cmz) of Areas of $ea?z 

NO. 

~JJ’&‘) ~JJ%k) 
Ethyl Acetone Ethanol n-Pro- 

of standard, 

ellcev panel 
PB (cma) 

I 

2 

3 

4 

5 

0 

7 

Y 

g 

IO 

3.og28 

2.7796 

2.9353 

2.g233 

2.8g12 

3.787-t 

3.9865 

3-9540 

3.8032 

3.4108 

106028 

I 300 I 

I a5972 

I ,62Go 

I *Gogo 

I,6568 

I ,623g 

1~5961 

r,Gr15 

I ,003G 

7sJ7 
8.og 
SO48 

7.48 
7.81 
7.93 

I,Gg 

I.77 
0.76 

4.16 
4.12 
3.69 

SO42 

7.75 
7.87 

5.04 
5.47 
5.96 

3054 1.41 

3-77 I.44 
3079 1.52 

13.3 
14.9 

6074 

1074 
1087 
I.59 

,“:gz 

2.5G 

10.6 
11.5 
10.8 

7.30 
6.65 

5.91 

4.07 
3.70 
3!75 

6.87 
6.49 
5.71 

I *50 
I.23 
I.32 

I .25 
I.24 
1.05 

3-47 3.37 9.20 
3.32 3025 9.02 

3-24 3.34 9.28 

3.51 
3oGg 
I.74 

6.54 
7.G7 
6.95 

12.5 

13.3 
6.19 

I-50 

I.77 
10G2 

9.90 
10.3 

4 .Gz 

4 e84 
5.42 
*t.SG 

7,oz 1068 2.47 
6.51 1~52 I *go 
6.78 s-64 2.40 

7*3o 
8.27 
9002 

IC.0 

17.5 
19.6 

8.96 
10.0 

9.41 

1.01 
1.16 

0.96 

4.26 17.1 

4::; 
18.9 

8.68 

7.45 15.G 
8.70 19.0 

8.13 18.2 

1G.7 
15.5 

15.7 

1.80 

I.94 
1.67 

13.4 
12.7 
14.0 

3.93 
3~72 
1.72 

1.98 
2.15 . 8.Gg 
1.8G 7.75 

3.54 Q.20 

3.so 8.31 

3.55 7.74 

1’9.3 
17.8 
17.9 

8.18 
8.28 

7.54 

15.1 

X4.3 
15.4 

X5.4 
IG.0 . 

7.32 

5.22 

(1) 

where lzi, is the area factor of component i relative to the area la&or of the standards; 
PI and Pcl are the peak areas of the i-component and standard, respectively; and 
~2 and VQ are the wciglzts of the sample and standard, respectively. 

The area factor of the i-component may be expressed by the formula: 

where Ms is the molecular weight of the i-component and Al, is the molecular weight 
of carrier gas. 
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As the exact value of the standard area factor Izs can be calculated from formula 
2 the data obtained can be expressed im the form: 

si ksPl 
i=l 

= $ksPs 
S 

The area factors Izt have been estimated by the least squares procedure from a 
set of thirty such equations, and the molecular weights of all four components have 
been calculated according to formula 2 (Table II). 

The standard errors (s.c.) of the area factors kc were found according to the 
f ormula8 : 

s.e.(kJ = J(s2 * cJ (4) 

where se is the residual sum of squares divided by the residual degrees of freedom, 
cut is diagonal element of a variance-covariance matrix. 

Results and discussion 
The molecular weights of components (Table II) determined by this method 

differ from the true ones by about 2-4 units, that is by about 3-5 %. It is worth 
noting that the standard error of area factors for all components is of the same order, 

TABLE II 

AREA FACTORS AND THE MOLECULAR WEIGHTS OF VARIOUS COMPONENTS OF MIXTURES 

Component Calculaled Standard Calculaled TYUC A!!<c - 1VI.t SCa.ndnrd CWOY 
area factor, CYYOY of mol, wt. mol. wt. of AI, 
h h filic Md 

Ethyl ether 1.662 0.0783 70.2 - 3.8 5.00 
Acetone I.984 o.oG84 56.4 

5: 
- I.6 J.97 

Ethanol 2.425 0.0821 47.6 + 1.6 1~13 
n-Propanol I .796 o.oG33 63.2 

2: 
+ 3-2 2.80 

but the standard error of molecular weight determination depends very much on the 
difference between the molecular weight of a given component and that of the carrier 
gas. This is because both these values are related by the formula: 

s.e.(Mt,) = s.e.($) Mb - MCI2 
M 

c 

This is also confirmed by our data for ethyl ether, the standard deviation 
true value being 5 units (mol. wt. 74,) and for ethanol, I unit (mol. wt. 46). _ . _ 

from the 

It seems that molecular weight determination by the proposed method is 
at least .a~. accurate as by other reported, methods l-s. The greatest advantage of this 
method is that it is easy to perform, as only one carrier gas is used. Reliable results 

. 

(5) 
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may be achieved providing that the molecular weight of the carrier gas is not too far 
away ,from the molecular weights of the components being determined. 

The authors wish to thank Mgr Ink. EL NALEPA for setting up the apparatus 
and Mgr Ink. R. BURCZYK for valuable advice on the computer calculations. . 
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