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INTRODUCTION 

Gas-liquid chromatography (GLC) is a very sensitive and selective technique, which 
enables us (I) to separate components of a mixture and (2) to obtain qualitative or even 
quantitative data about the relative amounts of the components present in the sample 
studied. 

Since the gas chromatographic literature reveals that no general relationship 
esists between amount of component injected and peak height or peak area produced, 
for accurate quantitative analysis by GLC, the instrument used has to be calibrated 
with predetermined amounts of the compounds to be analysed or with mixtures of 
known composition. In certain cases, though, a simple relationship may be found. 
For example, in a study of the liquid-phase photochlorination of toluene it,+as been 
found that, when using a Perlcin Elmer Vapor Fractometer 1r6 with a thermistor 
detector and equipped with type C column (silicone oil), peak area ratios of the side- 
chain clilorinated compounds proved to be numerically equal to mole ra!i&l. How- 
ever, when platinum wire thermal conductivity cells are used instead df thermistors, 
the peak area ratios distinctly differ from those of the mole ratios given in the syn- 
thetic mixtures; 

In this case, for the purpose of routine analysis, calibration curves have been 
determined, for the conversion of peak area ratios into mole ratios, or weight ,percent- 
ages, of the components in binary mixtures. For the analysis of ternary mixtures, a 
nomographic method is described using two binary calibration curves. 

,- APPARATUS AND PROCEDURE 

The gas chromatographic instrument used was a Perkin-Elmer Fractometer 116, 
equipped with platinum wire thermal conductivity cells and a column, type “C” 
(silicone oil). Hydrogen was the carrier gas, flow rate 70 ml/min at a pressure of 
0.4 atm., column temperature 160~. 

Fig. I shows an esample of a chromatogram thus obtained. The relative retention 
times are 1.00 for benzyl chloride, 1.85 for benzal chloride, and 2.72 for benzotri- 
chloride. 
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Fig. I. Gas chromatogram of a. mixture of benzyl chloride (I), bcnzal chloriclc (2) and beneo- 
trichloride (3). 

INSTRUMENT CALIBRATION 

The gas chromatograph was calibrated by analysing a series of synthetic mistures, 
composed of accurately weighed amounts of the pure components, benzyl chloride, 
benzal ,chloride and benzotrichloride. 

A series of binary mixtures of benzyl chloride and benzal chloride was first 
analysed, then a series of mixtures of benzal chloride and benzotrichloride, and 
filially a series ‘of ternary mixtures obtained by adding known amounts of benzyl 
chloride to the benzal chloride-benzotrichloride mixtures. 

The data obtained with the binary mistures were used for construction of cali- 
bration curves, the results with the ternary mixtures served as an experimental 
check of the nomographic method for converting peak area percentages into weight 
percentages (see below). 

For checking the reproducibility of the results each sample was analysed imme- 
diately after composing it, as well as after a few days, samples having been kept cool 
and stored in closed bottles. 

Peak area determirtatiort 

Several methods for determination of the peak area (see e.g. ref. 2) are known. In 
our case, the most accurate and least subjective method proved to be the calculation 
of the peak height times the peak width at half height. A method consisting of 
dividing the peak area into a number of triangles, the areas of which were subse- 
quently summed, proved to be particularly tedious and subjective (differences 
of 8 o/o between various analysts occurring). 

RESULTS AND DISCUSSION 

Calibration. cwves for binary mixtures 

Table I summarizes the data obtained from the two series of binary mixtures used for 
calibration, where it can be seen that the peak area percentages found are approsi- 
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TABLE I 

ANALYSIS OF BINARY MIXTURES 
_--_._-_ -___ __-_____-_ 

Boqd cIrloride/L3cuz71 chloride Brrrzrrl clrloridr/Ur~~~olriclrlorirlz 
-- 

11’1. ‘(h i~flrchc Al ok I.?(, calcd. PLWk rtrcz;:, folrrlfl 11’1. ‘I’” i~tlrflsc AJola ‘:‘o calcd. l’ccctr nrca yi, fowui 
------_--. ---..-- 

o.o* 0.0 0.0 o.o** 0.0 0.0 

O.SS 1 .I4 o.g 8.0 9.0 s.4 
1 .gG 2.50 1.8 20.1 “3.0 “-1.7 
4.71 6.0 4.6 35.0 39.6 38.0 

g.10 1 1.4 9.8 
%:Z 

55.4. 53.3 
13.1 15.1 11.0, 73.9 73.6 
30.0 35.6 go.1 91.7 92.7 
so.4 50.0 2,“:: 9=.5 93.7 94.5 
53.2 5g*4 59.4 95.0 95.9 96.7 
70.0 75.5 75.1 97.5 97.9 98.5 
89.6 gI.7 92.5 
89.9 92.0 91.7 
95.1 96.0 97.4 
98.0 98.4 98.9 
gs.1 98.5 g8.g 

__~__.. -_.-____._ 
* I oo O/O Bcnzsl chloride. 

* * I 00% l3cnzotricl~loriclc. 

-. _.-_ __-___ ._- .-_ 

mately equal to the calculated mole percentages, the largest deviation being 4 yO ! 
More accurate results can be obtained, however, by using cnZibratio+z czcrves as shown in 
Figs. 2; and 3. These curves were constructed by plotting percentages of total peak area 
against weight percentages given, for benzyl chloride in mistures with benzal chloride 
(Fig. 3) and for benzal chloride in mixtures with benzotrichloride (Fig. 3). 

Peak area percentages found when analysing binary mixtures of unknown com- 
position can thus be readily converted into weight percentages. 

Re;hrodaccibility of tlze data 

Table II shows the data obtained when analysing samples in duplicate, with a time 
interval of a few days. The reproducibility of the peak area percentages proves to be 
very good: a mean deviation of only 0.4-0.5 o/o is shown to occur. 

The total peak area is less reproducible, however; the standard deviation amounts 
to about 3.5 %, This means that an accurate quantitative analysis cannot be based 
on the determination of a single peak area in comparison with the peak area of the 
pure component in a calibration chromatogram. 

Analysis of terlzary mixtwes 

In the case of ternary mixtures, the relationship between peak area percentage and 
corresponding weight percentage cannot be obtained from a simple two-dimensional 
calibration graph, but must be represented by a three-dimensional diagram. This 
diagram will consist of a right triangular prism with ternary composition diagrams 
as base and top surfaces, and binary plots of peak area percentages vers,zLs weight 
percentages as side surfaces. 

This space model would not, hcwever, be suitable for analytical purposes, 
but it can be “unfolded” into a simplified nomograph shown in Fig. 4. 
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wt.% benzyl chloride 

Fig. 2. Calibration graph for converting percentages of total peak area into weight percentages 
of the components of binary mixtures. Bcnzyl chloride with benzal chloride. 

wt. “,L benzal chloride 

Fig. 3. Calibration graph for converting percentages of total peak area into weight percentages of 
the components of binary mixtures. Benzal chloride with benzotrichloridc. 

Tri 20 40 60 so By 

Fig. 4. Nornograph for converting percentages of total peak area into weight percentages of the 
components of ternary mixtures. 
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TAULE II 

COMPARISON OF DUPLICATE ANALYSBS 

Bcnzyl clrtorid~/Bctrtal ckloride Boreal cLio?idr/Bcn,*otriclrlorirld 

Wt. y. irrtakc “/o Peak area Total Peak area Wt. ‘$A intake y, Peak area Total peak area 

0.88 

4.71 

9.1 

30.0 

50.4 

70.6 

89.9 

95.1 

Mcan- 
deviation 

0.92 783 
0.85 761 
4.6 799 

4.6 772 
9.6 792 

10.0 771 
33.2 763 

33*= 771 
56.4 768 

55.4 751 
75.9 389” 

74.3 379 
91.5 393 

91.9 368 
97.5 380 

97.4 372 

0.4 2. I O/a 

8.0 

20.1 

35-o 

50.2 

69.9 

go.1 

92.5 

95.0 

97.5 

s7:; 
21.2 

22.2 

37.2 
38.5 

54.8 
54.8 

73.8 
73.4 
92.8 
92.7 

94.4 
94.6 

96.9 
96.4 

98.5 
98.5 

0.5 

671 
683 

669 
668 

657 
658 

678 
671 
688 
696 

674 
704 
686 
689 

757 
698 

7’5 
708 

2.5 % 

* At reduced sensitivity. 

The nomograph consists of a triangular composition diagram and two binary 
calibration graphs, by which means the ternary system can be split upinto twobinary 
systems. A graphical artifice is furthermore introduced by drawing the diagonal in 
the binary calibration graphs, which enables one to use the triangular diagram for 
plotting both peak area percentages and weight percentages on the same axis. 

As an example, a peak area percentage of 53.5 on the ordinate of the right-hand 
calibration graph of Fig. 4 may-via line c, point C and line b-now be represented 
by a point B = 53.5 yO on the absciss of the graph. The weight percentage correspond- 
ing to the 53.5 o/O of total peak area mentioned, represented by point D according to 
the calibration graph, then can be read-vialine d- from the same absciss, in point E 
= 48.2 wt 70. 

Usitig the rtomogra$h 

An example of how to convert the peak area percentages into weight percentages of 
the components of the ternary mixture analysed is given below; one proceeds as 
follows : 

I. Let the peak area percentages be: 46.1 oh for benzyl chloride (By), 40.0 yO 
for bcnzal chloride (Ba) and 13.9 y. for benzotrichloride (Tri). This “composition” 
will then be represented by point A in the triangular diagram of Fig. 4. 

2. Now draw a line a from angular point Tri through A till it intersects side 
By-Ba in B. Line a represents the locus of all “compositions” having the same By/Ba 
peak area ratio, irrespective of the percentage of Tri; point of intersection B gives a 
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measure for this ratio, viz. 53.5 yO By to 46.5 y0 Ba. This result may be cl~ecl~ecl 
arithmetically as follows: 

46. I 
- = 46.1 -j- 40.0 100 % 53.5 % and 

40.0 
- 46.1 + 40.0 IOO oh = 46.5 o/o* 

3. When normal graph paper has been used for the square diagrams the nest 
step is to follow the millimeter division 53.5, line b, till it intersects the diagonal in 
point C. 

4. Draw a line c from point C, parallel to the absciss By-Ba; line c intersects the 
calibration curve in D. 

5. Then follow line a, parallel to b, till it intersects the absciss By-Ba in point 
E = 4s.2. Point of intersection E now presents a measure for the weight percentage 
ratio of By and Ba, irrespective of the percentage of Tri; this ratio is found here to be 
4S.2 wt y. By to 5r.S wt y. Ba. 

6. Finally draw line e from point E to angular point Tri; line e will be the locus of 
all ternary compositions having the By/Ba ratio mentioned. Somewhere on this 
locus e the composition required will be situated. 

7. In order to find the unknown point on line e, a second LOCUS e’ may now be 
constructed by repeating the above procedure using the binary calibration graph 
Ba-Tri; locus e’ will represent weight percentage compositions having a Ba/Tri ratio 
corresponding to the initially given ternary “peak area composition” A. 

The construction is presented in Fig. 4 by lines a’, b’, c’, d’, and e’ : 
Locus CL’ represents peak area compositions having a Ba/Tri ratio of: 

40.0 
’ 100 = 

40-o + 13.9 
% 74.2 y. Ba to 13.9 

40-o + 13.9 
l 100 y-0 = 25,s y. Tri. 

After conversion into weight percentages locus e’ represents sample composi- 
tions given by point E’, corresponding to a Ba/Tri ratio of 70.0 wt o/o Ba to 30.0 
wt O/~ Tri. 

S. The point of intersection of the loci e and e’, point F, finally represents the 
ternary composition of the sample analysed, viz. 39.4 y. By, 42.3 y. Ba and 1S.3 y. Tri. 

This result may be arithmetically checked as .follows: From the calibration 
graphs have been derived locus e: - 

By:Ba = 4S.2 : 51.S, and locus e’ : 
Ba:Tri = 70.0:30.0. 
Hence: By:Ba:Tri = 4S.2:sI.S: (30.0*5I.S/70.0) = 48.2:5I.S:22.2. 
By reducing these values, the sum of which is 122.2, to a total of IOO y. (i.e. di- 

viding each by 1.222) the weight percentage composition of the mixture analysed is 
found: By:Ba:Tri = 39.4 y. :42.3 y. : IS.3 %. 

Ex$erimental check of the method 

Table III presents the data for a series of synthetic ternary mixtures of benzyl 
chloride (By), benzal chloride (Ba) and benzotrichloride (Tri). These mixtures have 
been analysed by GLC using the above mentioned technique for converting percent- 
ages of total peak area into weight percentages. 
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TABLE III: 

ANALYSIS OF A NUMBER OF TBRNARY MIXTURES OF PREDETERMINED COMPOSITION, FOR CHECKING 

THE METHOD 

No. 
BY 

wt. “/o Dy iiklkC o/o of total fieuk ureu wt. y. /ozrr1d 

BU Tri BY Bn 3’ri BY Bn Tri 

1 17.9 
2 16.0 

3 16.6 

4 16.6 

5 16.0 

G 16.7 

7 16.7 

S 16.7 

9 16.7 

10 41-0 

II 40.0 

12 40.0 

13 40.0 

14 40. I 

15 40.2 

I6 40. I 

17 40.0 

IS 40.0 

so.0 2.1 

79-2 4 .2 

77.1 0.3 

7502 8.2 

6.7 76.7 
55.2 25.1 

41.6 41.7 
29.1 54.2 
16.8 GG.5 

57-5 I.5 

57.0 3.0 

55.5 4.5 

54.1 5.9 

4.S 55.1 
41.8 I s.0 

30.0 29.9 
21.0 39.0 
12.1 47.9 

20.0 78.3 I.7 18.7 79.6 I.7 
17.2 So-3 2.5 I 6.9 79.3 3.8 

19.0 76.5 4.5 17.5 76.4 6.1 

19.3 74.2 6.5 17.8 73.3 8.9 
21.3 5.9 72.s 17.0 5.8 77.2 
19.4 61.0 19.6 16.8 59.5 23.7 
19.8 44.5 35.7 17.0 43.0 40.0 

20.6 36.1 48.3 16.6 30.8 52.6 

20.5 17.1 62.4 16.7 16.7 66.6 

44-G 54.9 o-5 40. I 58.9 1.0 

43.8 54.8 1.4 39.7 57.2 3.1 

43.5 54-I 2.4 38.5 56.9 4.6 

45.2 51.0 3.8 40. I 54.5 5.4 

46.5 4.5 49.0 40.0 4.8 55.2 

44.6 41.0 14.4 39.0 42.5 18.5 

45-S 29.5 24.7 39-4 31.0 29.6 

48.2 20.4 31.4 40.2 21.2 38.6 

47.4 11.0 . 41.6 41.3 12.3 46.4 

Mean deviation in oh 0.6 0.8 0.6 
Masimum deviation in “/o I.5 I.9 I.7 

The mixtures have all been analysed in duplicate, which showed a very good 
reproducibility: the mean difference between duplicate analyses proved to be less 
than I 0%. For the sake of simplicity in Table III values are mentioned for one series 
only. 

A comparison of the weight percentages taken with the weight percentages 
found by analysis shows that the mean deviation is less than I %, with a maximum 
deviation of less than 3 %. This shows the nomographic method to be distinctly 
more accurate than the original approximation method which puts peak area per- 
centages equal to mole percentages. 

Note. The nomographic method described above is particularly suitable for 
routine analysis of large numbers of samples. In the case of a very limited number of 
analyses it may be advantageous to use only the arithmetical check method in combi- 
nation with the two binary calibration graphs. 

SUMMARY 

A nomographic method is described for the quantitative gas chrornatographic analysis 
of ternary mixtures of benzyl chloride, benzal chloride and benzotrichloride. The 
nomograph converts percentages of total peak area on the gas chromatogram into 
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weight percentages of the components of the sample. The nomograph is constructed by 
combining a triangular composition diagram with two binary calibration graphs. 
The latter graphs have been experimentally determined by gas chromatographic 
analysis of two series of synthetic binary mixtures. An experimental check shows the 
method to be accurate to within 1-2 wt. Oh, 
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