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SUMMARY 

The present work is an attempt to assess tile influence of the temperature on 
the polarity of the liquid phase in gas clxomatograpliy. 

This effect was investigated for twenty-one liquid phases of various types of 
structure. It was found that the polarity depends on the temperature linearly, and 
its temperature coefficient can be negative, positive or zero. 

It is thought, that the data obtained as a result of this work could be of practi- 
cal use’ in gas-liquid chromatography, 

INTRODUCTION 

One of the most important properties of the stationary phases used in gas- 
liquid chromatography (GLC) is undoubtedly their polarity, As is evident from refer- 
ence data however, the dipole moment of the liquid phase can not be used as a simple 
measure for itl. 

Some years ago ROHRSCHNEIDBR~ suggested an empirical method for the de- 
termination of the relative polarity of the liquid phase. This method, in spite of some 
weak points, has proved to be very satisfactory in the field of GLC. 

According to this method, the polarity P could be calculated from the expression 

P = 100 
4x--42 

91--2 
(1) 

. . 

where ql, qs and 4 x are the ratios of the specific retention volumes of butadiene- 
butane measured on columns coated with P,P’-osyclipropionitrile, squalane and the 
liquid phase under investigation, respectively. 

The use of butadiene-butane as a standard pair, however, is associated with 
some difficulties and later authors”, who intended to malk the method more general, 
suggested a better pair: benzene-cyclohesane. These compounds can be found readily 
in every laboratory and it is possible to measure the polarity at higher temperatures 
with them.. than With the butadiene-butane pair. 

It can be assumed that the polarity calculated from eqn, I does not, in practice, 
depend on the temperature of the determination of the retention volumes, if it is 
one and the same for both the standard phases and for the phase under investigation. 



In our earlier measurements it was observed that in some cases tile polarity 
of the stationary phase, found according to ROHRSCHNEIDER depends on the temper- 
ature of.the experiment. Tbik effect is sometimes bigller than the experimental error 
and must not be neglected. 

The present study is an attempt to ascertain the effect of the columns temper- 

ature on the gas chromatographic polarity of some stationary pleases and to clemon- 
skate the cases, in which it is necessary to take this influence into account. 

ESPERIMENTAL 

The necessary specific retention volumes of benzene and cyclohexane on tile 
/3,@‘-oxydipropionitrile, squalane and the other stationary pleases were measured with 
a “I~ractovap” model I3 apparatus produced by Carlo Erba, Italy. 

Pure dry nitrogen was used as carrier gas. Tile outlet flow rate in all esperi- 
ments was 40 ml/min. The outlet pressure was atmosplleric pressure, corrected for 
tl1.e water vapour in tile soap flowmeter at: its temperature. The stainless steel chro- 
matographic column was 2 m long and Ilad an I.D. of 4 mm. Column packink was 
“Sterchamol” (particle size diam. 0.2-0.3 mm) and tile stationary please consisted of 
20% (w/w) of the inert support. 

The measurements were carried out at intervals of 10~. The first and tile last 

TABLE I 

SPECIBIC RETENTION VOLUMES 01’ UEN%IINE (Id) 
- _.__ -___ ___-~-.-_.-_-~-_- ..-. -_~_ 

No. Statioeary phase Tmpevatzrrc (“C) 
------ _I_ 
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I 
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3 
4 

Squalanc 177.7 
P,/?‘-Oxyclipropionitrilc x42.9 
Diphenyl ether - 

nl-Bis-(m-phcnosyphc- 
noxy)benzenc - 

Glycerol - 

Diacctin 113.3 
Triacetin 202.9 
Diglyccrol II.4 
Diethanolaminc 2S.o 
Triethanolan~ine - 

fi,/Y-In~inoclilxopiorlitrilc - 
I,2;3-Tris-(z-cyano- 

cthoxy)-propane - 

133.2 
105.3 
229.2 

102.9 

80.3 
167.8 

77-I 61.6 
59.2 46.7 

118.1 S9.9 

47.6 38.0 

35.6 28.1 
- - 

31.4 
22.9 
- 
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IO 
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12 

- 

5.6 
91.2 

157.6 
9.1 

24.s 

39.2 
99.2 

91.6 67.2 52.7 
7.0 5.6 4.7 

75.2 51.1 42.1 

12.5.9 so.3 64.2 

7.5 6.0 5.0 
22.2 17.8 - 
29.8 21.8 17.1 

74.7 54.4 42.5 

63.0 47-I 37.6 

40.0 
3.8 

- 
- 
- 
- 

13.0 
32.0 

31.4 
- 
- 
- 
- 
- 
- 
- 

81.6 29. I - 

13 1,2,3,4,5,6-Hcxalcis- 
(z-cyanoctlioxy)-licxanc 46.2 35.0 25.7 20.1 15.3 - 

I4 Aclipic clinitrilc 220.6 157.2 * 1.3.7 78.9 59.4 - - 

I.5 Butancdiol-1,4 56.6 44.S 36.4 24.0 19.5 - 

16 Octanediol-x,S - - 57.9 43.7 35.2 27.4 22.0 

I7 Decanediol-1, I o - - - 49.9 39.2 29.7 23.3 
18 Doclecanecliol-x, I 2 - - - 52.4 41.2 31~2 24.5 
19 Tliiocliglycol, - 35.8 30.0 22.4 17.9 - - 

20 Diethylenc glycol - 50.X 35.3 28.3 22.4 -’ - 

21 Triethylenc glycol - 58.0 47.5 37.5 31.2 - - 

22 Tetraethylene glycol - 65.2 51.8 40.0 32.7 - - 

23 Polycthylenc glycol ,l.oo - 94.2 70.9 51.5 40.1 30.2 - 

___- __________-.-_-- I_.--- -..- _.----.-- - -. 
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temperatures of the interval were chosen depending on the melting point and tlie 
vapour pressure of the corresponding liquid phases. 

The stationary phases under investigation are shown in Table I. All of them 
were of commercial origin. 

At present some of these stationary pleases are used widely in gas cllromatu- 
graphy, the rest were included in tile work in order to show the influence of some 
structural changes in the molecule of the phases on the function P = f(t”). 

The first measurements sl~owecl that the value of the polarity is very sensitive 
to the errors in tlie values of the retention volumes, especially when they have equal 
signs. 

For this reason, tlie values of all retention volunics in the present work are the 
arithmetic mean of IO consecutive measurements. 

IPI~SULTS AND I~ISCUSSION 

The specific retention volumes of benzene and cyclollesane on the standard 
and investigated stationary phases at different temperatures are shown in ‘Tables II 
and III. 

In eqn. I, the denominator does not depend on the stationary phase and changes 
only with the change of temperature. Fig. I shows that the difference q1 - q2 de- 

SPECIFIC RISTIENTION VOLUMES OF CYCLOIIl3ShNl~ (1111) 
.-- --_--_ ..--.- ___--_-..^___--.---.__-_.___--_--__.-_ .---..----.-- 

No. Stat~ionaYy p11nse ?‘c~~?.pG~atwc (“C) 
-^---- -- 
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Diphcnyl cthcr 
?It-13is-(11?-l>hetloxyphc- 

nosy) bcnzc!11c 

Glycerol 
Diacctin 
Triacctin 
Diglyccrol 
Dictlmnolnrninc 
‘~.‘ricthanolalninc 
P,P’-rminoclipropioliitrilc 
T,2,3--~-l:~is-(z-cyano- 

ctllo.~y)-]~~opnnc 

x,2,3,4,5,6-1-1cs~Lltis- 

235.9 172.7 
15.1 12.7 
- 12543 

- - 

- 5.7 
24.0 20.8 

46 1 38.4 

4.4 3.5 
4.1 3.7 

- 7.2 
_- 12.G 

- 10.0 

(2~C~~~llOCtllO~~)~ll~SiIll~ - 0.7 
Aclipic dinitrilc 2g.G 23.3 
13utanccliol-I,4 19.0 15.3 
Octniiccliol- I, Y - - 
I.kxxnccliol- r , I 0 - - 

Doclccanccli ol- I, 12 - -.. 
Tl~iocliglycol - G.S 
Wictliylcncglycol - IO. .I 

Tricthylcnc giycol - 11.0 

‘I’ctractliylcnc glycol - 12.7 
Polyctllylcllc glycol - rG.3 

130.8 95.8 
1o.g 9.1 
82.3 05.4 

-is,9 34.5 
4.3 3.1 
17.9 13.3 
32.7 23.7 
2-s 2.2 

345 2.9 

6.2 5.3 
10.0 s.7 

8.5 7.1 

5.7 4-s 
1s.s 14.s 
12.6 8.5 
28.S 22.5 
- 2g.G 
- 32.2 

0.0 5.3 
8.0 G-2 

10.0 9.0 
1 I.3 9.9 
14.3 12.5 

75.X 
X.0 

so.0 

27.7 
2 *.I. 

11.4 

‘20.2 

1.x 
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I 
50 60 70 80 so 100 110 120 tm3 

Fig. I. Plot of the cliffcrcnce qr-qn (eqn. I) vs. tcmperaturc. 

creases linearly when the temperature increases. It is evident, that the polarity P 
according to eqn. I will be independent of temperature only if the numerator changes 
in the same way. The data for the polarities at different temperatures (Table III) 
show that this condition is only fulfilled in a few cases. 

TABLE III 

POLARITIES OF TI-IE LIQUID PHASES AT DIFEERENT TEMPERATURES 

NO. Statio7znry @hasa Tem$vwatwcs (“C) 
. .._-- 

50 GO 70 80 90 IO0 II0 I20 

I 
2 

3 
4 

2 
7 
8 
9 

IO 
II 

12 

Squalanc 
P,@‘-Oxyclipropionitrilc 
Diphenyl ether 
,~n-Bis-(~~-phenoxyphc- 

noxy)-benzcnc 
Glycerol 
Diacctin 
Triacetin 
Diglycerol 
Diethano1nmir.s 
Triethanolamine 
/?,P’-Iminoclipropionitrile 
I,2,3-Tris-(z-cyano- 

cthoxy)-propane 
1,2,3,4,5,6-I-Icxakis-(2- 

cyanoethoxy)-hexane 
Aclipic clinitrile 
I3utanccliol-I,4 
Octanecliol-I, S 
Decanecliol-I, IO 
Doclecanccliol-1, I 2 
Thiocliglycol, 
Diethylene glycol 
Tricthylene glycol 
Tetraethylenc glycol 
Polyethylene glycol 

J. Chromatogv., 59 (1971) 21-28 

I3 

I4 
15 
Id 
I7 
IS 
=9 
20 
PI 
22 

23 

0.0 0.0 

100.0 100.0 

- 36.5 

- - 
- 2S.G 

71.7 73.3 
69.9 70.4 
4S.S 51.9 
87.3 g0.G 
- 52.2 
- 98.0 

- 99.3 

- g’r.2 

91.8 91.5 
54.5 56.4 
- - 
- - 
- - 
- S4.G 
- 75.3 
- 81.3 
- 79.5 
- 84.9 

0.0 

100.0 

37.4 

0.0 

100.0 

39.0 

0.0 

100.0 

40.0 

0.0 

100.0 
- 

0.0 

100.0 
- 

0.0 

100.0 
- 

41.4 
33-o 
74.8 
70.9 
54-S 
93.8 
so.7 
gs.0 

42.3 
39.0 
7.5.1 
Gg.0 
59.2 
96.9 
78.8 
gs.2 

43.0 
44.1 
76.4 
09.0 
C2.7 
- 

77.0 
gS.3 

100.2 101.5 102.7 

4.306 4448 - 

50.7 - - 
- - - 
- - - 
- - - 
- - 

74a7 - 

98-5 - - 

104~2 

Y8.g - 
- - 
- - - 

42.7 43.2 - 

35.3 40.5 42.2 
34.6 35.5 30. I 
- - - 
- - - 
- - - 
- - - 
71.0 - - 

-.- -_ --_ -- 

91.5 
91.1 
58.2 
41.8 
- 
- 

82.3 
80.6 
so.2 

78.7 
82.0 

90.7 
90.7 
Go.4 
42.3 
35.8 
35.5 
79.6 
83.G 
7S.8 
77.6 
78.5 

So.9 
go.3 
G1.2 

42.5 
3G.S 
34.3 
77-I 
SG.2 

;z.: 
75:; 
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Pig. 2. IZkpcnclcncc of the polarity of tlic liquid phase on the tcmpernturc. I = r,2,3-tris-(2. 
cynnocthosy) -propane ; 24acctin ; 3 = triacctin; Lo = cliglyccrol; 5 = glycerol. 

From a forrnal view-point, the phases under investigation could be divided 
into three groups, 

In the first group are the phases where the increase of the temperature leads 
to an increase in the pol.arity, a .g, dP/At > o. These are phases such as diethylene 
glycol; butanediol-I,q.; decanediol-r,Io; 1,2,3-tris-(z-cyanoethosy)-propane; dietha- 
nolaminc ; glycerol ; diglycerol ; diacetin ; diphenyl ether and ~~t-bis-(7~E-phenoxy- 
phenosy)-benzene. 

The second group includes the liquid phases I,z,3,4,5,6-hexakis-(z-cyanoethosy)- 
liexane ; triethylene glycol ; tetraethylene glycol; polyethylene glycol 400; thiodi- 

50 
t 

50 60 70 80 so 100 110 120 tPz1 

Fig. 3, Polarity of the liquid phases clepcncling on the tempcraturc. 
didthylcnc glycol ; 3 = thiocliglycol ; 4 = trictlianolaminc. 

I = <lictl~anolnmine; 2 = 
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glycol and triethanolamine. They decrease the polarity when the temperature in- 
creases e.g. AP/At < o. 

The third group includes those phases whose polarity is practically temperature 
independent, AP/At = o, for example P,P’-iminodipropionitrile ; triacetin ; adipic- 
clinitrile; octanecliol-1,s and dodecanediol-r ,12. 

‘Fig. 2 presents graphically the relationship P = f(1O) for glycerol and other 
phases, which are glycerol derivatives. Acetylation or cyanoethylation of the glycerol 
hydrosy groups leads to a decrease in the slope of the lines. For instance AP/At is 
about to.55 units/degree for the glycerol, while the same quantity is j-o.10 ancl 
+ 0.13 units/degree for diacetin and r,z,3-tris-(z-cyanoethoxy)-propane. In tile case 
of triacetin the slope of the line becomes negative (- 0.05 units/degree). 

In addition, diglycerol has a lower temperature coefficient than glycerol. In 
this case the total number of the hydrosy groups, as compared with glycerol, is higher 
but their percentage per unit molecular weight is lower. On the other hand in the 
diglycerol kolecule there is a new structural element-the ether bond. 

..The dependence between polarity and temperature for cliethanolamine, di- 
ethylene glycol, tliic+liglycol and tr.iethanolamine is shown in Fig. 3. The common 

I 1 m 
40 50 60 70 80 90 100 110 120 t(T) 

l:ig. g.. Plot of the polarity of the liquid pliascs vs. tcmpcraturc. I = cIictl~ylcncglyco1: 2 = tri- 
cthylcllc glycol ; 3 e= tctracthylcnc glycol: 4 = polycthylcnc glycol ‘100; 5 = l,r-Lois-(lrz-phcl~o_~y- 
phcnoxy)-bcnzcnc; 6 = cliphcnyl cthcr. 

feature in the structure of these liquid compounds is the presence of z-hyclrosyetl~yl 
groups. The first three of them differ only in the heteroatom in the chain. 

Examination of the functions P = f(t”) in Fig. 3 shows that diethylene glycol 
and diethanolamine have almost equal positive slopes while thiodiglycol and tri- 
ethanolamine have almost equal but negative slopes. A very interesting fact is the 
great difference in the temperature coefficient of polarity in the case of thiocliglycol 
as compared with cliethylene glycol and diethanolamine. 

Fig. 4 shows the graphical presentation of the changes in the polarity of some 
ethylene glyCols with change of temperature. It can be seen that the highest temper- 
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Fig. 5. Polarity of the liquid 1~11uscs as a ,function of tcnipcrnturc. I == 1,2,3-tris-(z-cyanc~Ctll(~sy)- 
propnnc: 2 = P,P’-iminotIiprol~ionitrilc; 3 = ~,2,3,~l,~,C’-I~csnItis-(~-cy~~~iocthosy)-hcsanc. 

ature coefficient of polarity (positive value) is sl~own by diethylenc glycol. The in- 
crease in the number of -OCH,CI-I,- groups leads to a decrease in the slopes (already 
negative) of triethylene and tetraetllylene glycols and polyethylene glycol 400. The 
polyethylene glycol-400 line has the most negative slope. Data concerning diphenyl 
ether and ?1z-his-(nz-pheno?cypheno.uy)-benzene are shown in the same figure. The line 
for diphenyl ether has a higher positive temperature coefficient of polarity than the 
second liquid phase, but the difference is not very great. 

The data concerning liquid phases with propionitrile groups are given in Fig. 5. 
It can be seen that P,P’-in~inodil~rol~ionitrile has a practically constant polarity and 
it has a value close to the value of tllc standard P,P’-os3’clil~rol~ionitrilc (P = 100). 

50 50 70 80 90 100 110 120 f PC) 

Fig. G. DcIxnclcncc of the polarity of the liquicl pliascs on tlic tcmIxt’aturc. I: = hclipic tlinitrilc; 
2 = clictliylcnc glycol; 3 = tctracthylcnc glycol ; q =: I.~utmictIiol-r ,;t; 5 -- oct~~nctliol- I ,8; 0 = 
tlCCnllc(liol-T,To; 7 -: C~OC~CC~l.llCC~i~l-I ,T2. 
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This’means that the substitution of an imino group by an ether 
ence the temperature coefficient AP/At. 

An increase in the number of the propionitrile groups in 

N. PETSEV 

bond does not influ- 

the molecule of the 
phase decreases the slope of the line P = f(t”) from a positive to a negative value 
(e.g. see 1,2,3-tris-(2-cyanoethoxy)-propane and ~,z,~,~.,~,6-hexakis-(2-cyanoethoxy)- 
hexane). 

Study of the influence of the temperature on the polarities of phases from the 
group of allcanediols (Fig. 6) shows that butanediol-r ,L+ and decanediol-r,Io have 
almost equal positive temperature coefficients, + 0.17 and + 0.16 units/degree, re- 
spectively. 

Octanediol-I,8 and dodecanediol-1,x2 are similar in their behavior too, but 
differ from the first two diols. It is now difficult to explain why there is no regular 
change of the slope of P = f(t0) for all diols. 

The presence of an extra ether bond in diethylene glycol as compared with 
butanediol-I,4 hardly changes the slope of the line (Fig. 6) ; however the accumulation 
of several ether bonds (e.g. tetraethylene glycol as compared with octanediol-1,s) 
leads to a considerable difference. In this case tetraethylene glycol has the same 
number -OH and -CH,- g roups as octanediol-I,S, but has three -0- bonds more. 

The exchange of both hydroxy groups in butanediol-I,4 with nitrile groups in 
adipic dinitrile makes the polarity of the liquid phase almost independent of temper- 
ature. 

In conclusion it might be summarized that: 
(I) Polarity of the liquid phase depends linearily on the temperature. 
(2) The depe n d ence between the polarity and temperature can have a positive, 

negative or zero temperature coefficient, 
(3) In a given temperature interval one liquid phase can be more polar than 

another phase, but they can exchange their polarities in another temperature interval. 
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