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GAS CHROMATOGRAPHIC SEPARATION OF UNSATURATED

HYDROCARBONS USING AgNO; SOLUTIONS AS STATIONARY
PHASES

2. THE EFFECT OF SOLVENT AND OF THE AgNO; CONCENTRATION ON

COLUMN PERFORMANCE

In our previous work, effects of working parameters on column efficiency were discuss+
sed [!']. In the present paper, effects of solvent and of AgNOj; concentration on column

selectivity are reported.
The reagents, apparatus and procedure are described in [!].

Gas chromatographic data -

The values of relative retentions of normal 2- and 3-alkenes determined
on various stationary phases containing AgNO; at 45, 60, 80 and 100°C
are summarized in Table 1. For tridecene-5 trans- and cis-isomers the
relative retentions at 100°
and helium flow rate &4

ml/min were 12.9 and 17.0

accordingly on the AgNOj;-
PG 400 stationary phase.
Plots of logarithms of rela-

tive retentions of 2-alkenes
and 3-alkenes against the
number of carbon atoms

in molecule are satisfacto-

rily linear, as may be seen

from Fig. 1 showing some

examples of these plots.
The straight lines ob-

tained are expressed in

the form of the equation
lg r=a+obn. In Table 1,
the values for constants

a and b are given. The
relative retentions for the

other members of the same

series can be calculated
from these equations.

The differences in relative retentions of cis-trans-isomers of internal

alkenes decrease with the shifting of the double bond in the carbon chain
towards the centre of the molecule and with the increasing of molecular

Fig. 1. Lgr (relative retention) as a function of n

(number of carbon atoms in the molecule of normal
2-alkenes), at 80° helium flow rate 84 ml/min;
—— column No. 33 (AgNO,-B14) (Table 1),

——— „
15 (AgNO;-Hl6),

, „
37 (АвМ№Оз-РС 400);

1 cis-isomer, 2 trans-isomer,
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weight. The resolutions for

pairs of geometric isomers

decrease in the same order,
as it is seen in Fig. 2. The
farther the double bond is

located towards the centre,
the harder is separation, due
to the minimizing of the
differences in the physical and
chemical properties of the

geometric isomers. Therefore,
more effective columns for

separating 4- and 5-isomers
are needed than for those

having double bond at

the second carbon atom. For

instance, cis-trans-isomers

of dodecene-2 were fully
separated by the column

No. 38, at 80° but the isomers of dodecene-5 were separated less

successfully. To separate them thoroughly, different operating conditions

ought to have been used (a longer column, a more selective stationary
phase, etc.).

To guarantee satisfactory resolution of all pairs of geometric isomers

(of a single carbon number), the optimum operating conditions are to be
created, favourable for separating, first of all, those isomers that have
double bond nearest to the centre of the molecule.

Effects of solvent on column performance with regard to resolution
of geometric isomers of normal alkenes

Although the selectivity of stationary phases containing AgNO; 15

attributable to silver ions and no resolution of geometric isomers occurs

when using short columns with е solvent alone, it is considerably
affected by solvent for AgNQO;, as well as by AgNO; concentration.

When separating isomeric cyclohexenes Cg—Cgy on various AgNOs;
solutions, glycol, saturated with AgNO;, was found to give better resuits
as compared to the other solvents, such as benzyl cyanide, triethylene
glycol a.o. [>B]. Comparing ethylene glycol, polyethylene glycol and gly-
cerol as solvents for silver nitrate when separating alkane-alkene mix-

tures, M. E. Bednas апа . 5. Russell [*] found the polyethylene glycol
columns to be inferior to other columns. When investigating the solvent

effect on argentation equilibria of Cs olefins, A. Genkin [°] found the equi-
librium coefficients to be 2.5 times inferior when ethylene glycol was

substituted by diethylene glycol. Thus, the best solvent for AgNO; was

found to be ethylene glycol. D. V. Banthorpe a.o. [6] noticed no essential

difference in column performance when working with TINOs solutions in

polyethylene glycol and ethylene glycol. The activity of the latter decreases

rapidly when temperature rises above 65°[4. High vapour pressure of

ethylene glycol leads to variations in retention data due to elution from

column when operating at elevated temperatures needed for separating
higher molecular weight compounds. |

Therefore, for separating higher unsaturated hydrocarbons (above Ca),
solvents of inferior selectivity with lower vapour pressure, such as di-,

Fig. 2. Variations in R, values with double bond
position and molecular weight.

The numbers refer to the columns listed in Table I; gas

flow rate 84 ml/min.
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В** Relative retention r= 373_1 where dR, is the actual retention distance for component investigated and dR, — the same for reference substance (octene-2-trans).2

`
УЫ

*** Indexes f and c refer to frans and cis respectively. !

Relative retentions and values of the constants a and b in the equation lgr=a+bn for 2- and 3-alkenes
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Relative retentions and values of the constants a and b in the equation Igr=a+bn Юoг 2- and 3-alkenes Table 1
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tri- and tetraethylene glycols
a.0., have been used with suc-

cess. No systematic data con-

cerning their selectivity could
be found in literature.

We have extended the com-

parative investigaticn of the
solvents for AgNO; to some

other higher boiling homologs
of ethylene glycol, such as

butanediols, hexane-1,6-diol a.o.

For comparison, ethylene glycol,
di- and triethylene glycols were

included.
Variations in resolution

values (R;) for geometric iso-

mers of normal alkenes Cg—Cis
on various stationary phases
are readily seen in Fig. 3.

The use of 814 and 823
а5 solvents for AgNO; con-

siderably increases the column

performance, as compared to

the results obtained by using
ethylene glycol. So the reso-

lutions of about 3.66 and
3.98 at 60° for cis-frans-isomers

of nonene-2 have been obtained,
the value with AgNO;-EG
stationary phase amounting to 2.86. The resolution values at 80—100° are

the highest for AgNO;-814 columns. At 45—60° the AgNO3-823 stationary
phase gives even better resolution for cis-frans-isomers of n-octene-2 than

AgNO3;-814, R, values being 4 and 3.2 respectively. Thus, the structural

peculiarities of the latter two diols obviously provide the most favourable
conditions for the separation process.

Unfortunately, the activity of AgNO;-823 phase diminishes very

rapidly at temperatures above 60° and it cannot be used at higher temper-
atures needed for separating higher isomers (above Cg).

The poorest resolution was obtained on AgNO;-813 stationary phase.
As a rule, the R; values decrease when temperature increases.

As to the decrease of selectivity, the solvents used can be given in the

following order:

at 45—60°—B23>B14>H16=EG>TEG>DEG>2B14>PG400>B13

at 90—100°—B14>H16 ~ TEG>DEG ~ PG 400.

At 100° the cis-frans-isomers of tridecene-5 with AgNOs;-814 and

AgNO;-PG 400 columns were separated. The first column is not stable at

temperatures of about 100°, at which it can only be used for a few hours
without essential loss cof selectivity, as seen in Fig. 4, where variations
of resolutions with operating time and temperature are shown.

/At 80° this stationary phase can be used for a little longer time. For
instance, on the initial AgNO;-814 stationary phase, R, for pairs of
decene-2 isomers was 2.1, after operation at 80° for 70 hours, the R, values
diminished up to 1.3.

Fig. 3. Variations of R. with stationary phase
composition and temperature.

Chromatograph UH-1 with thermal conductivity
detector, 1 m columns with 6 mm diameter, helium
flow rate 84 ml/min. The numbers refer to the

columns listed in Tables 1 and 2.
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The most stable station-
ary phase AgNO,-PG 400

was operating at 100° for

80 hours with a slight
decrease of R values from
1.5 upisto,ill.3.

From the above data it

may be concluded that the

elution of lower boiling
AgNO; solvents from the

column during operation
at higher temperatures in-
fluences, to a certain

degree, the activity of the

stationary phase.
АП stationary phases

listed in Table 1 showed approximately the same separation characteristics
and they can be used for analytical separation of normal alkenes up to Cy;
(except AgNOj-butane 2,3-diol, which can be used пр to Cy). When

separating C;;—C,3 normal alkenes, better results as to the resolution and

stability of column were obtained on AgNOj; solutions in hexane-1,6-diol,
tri- and polyethylene glycol 400.

The effect of AgNO; concentration

In literature, there are various data concerning the optimum AgNO;
concentration in stationary phase. B. Smith and R. Ohlson [7] found the

AgNOj; concentration of 17 per cent 10 be the best for separating 3- and

4-methylpentenes-1.
In general, when separating lower molecular weight compounds, better

results on AgNO; saturated solutions at highly loaded columns have been
obtained. Higher molecular -compounds are better separated on lower
concentrations of AgNO; solutions and at lower liquid loadings. Accord-

ing to these data, the optimum compositions of stationary phases for sepa-

таНпе Сю—Ср geometric isomers could not be determined, and it was

necessary to determine them experimentally.
From Table 2 it can be concluded that all AgNO3;-814 columns, despite

the content of AgNO,, give good separation of C,p—C,, geometric isomers.

Fig. 4. Variations of Rs with operating time and
temperature.

The numbers refer to the columns listed in Table 1.

: Content Rs

AgNOj; con- of the Мштбег о |—р—
=

Solvent for centration AgNO3 effective Decene-2 Dodecene-2
E AgNOs in solution, |solution in plates™ | —— mjn
З6 % column | ns at 80 | | е | е | ®

о^ packing, % 21 Ё = Ё |

28 Butane-1,4-diol 8.4 40.0 342 3.0 2,7 2.1 24 22
25

N
16.1 40.0 354 40 35 29 3.3 30

16
»

40.0 40.0 398 36 36 34 3.0 2.7

13
»

22.9 11.8 307 20 27 — 14 —

15 Hexane-1,6-diol 20.4 12.3 622 24 26 25 17 1.9
12

” sat. 33.9 294 19 1.9 2.0 1.7 1.8

*
nes; — number of effective plates for frans-decene-2. |

Table 2

Effect of AgNO; and of liquid loading content on column performance with regard
to resolution and efficiency
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The maximum performance is shown by columns with saturated AgNOs
solution with high liquid loading (40%). The decrease in AgNO; concen-

tration below 10 per cent deteriorates the separation of geometric iso-

mers to some extent, but not so markedly as in the case of decreasing
liquid loading from 40 to 12 per cent. Thus, for AgNO;-814 stationary
phase, high liquid loadings (30—40%) апа АвМО, concentrations of
15—40 per cent are recommended.

For hexane-1,6-diol solutions lower liquid loadings with high AgNO;
concentration (20—30Y gave higher resolution values (column No. 15,
Table 2) and can be recommended when separating geometric isomers of
mormal alkenes C;o—Cis.
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SILVIA RANG O. EISEN K. KUNINGAS

KÜLLASTUMATA SÜSIVESINIKE GAASIKROMATOGRAAFILINE ERALDAMINE

AgNO; SISALDAVATEL VEDELFAASIDEL

2. Lahusti ja AgNO; kontsentratsiooni mõju kolonni selektiivsusele

Uuriti normaalsete alkeenide Cg...Ci3 fsiss-frans-isomeeride gaasikromatograafilist
eraldamist AgNOj; sisaldavatel vedelfaasidel, mdéarati n-alkeenide suhtelised retentsioonid
(r) ja eralduskoefitsiendid (Rs) ning leiti kvantitatiivne seos 1g r ja siisiniku aatomite
arvu vahel molekulis.

. Niidati, et selektiivsuse vdhenemise jargi temperatuuridel 80—100°C v6ib AgNO; lahus-
tid paigutada jargmisse ritta: BI4>HII6>TEG>DEG=PG 400. Koige selektiivsemateks

osutusid AgNO;-lahused 823-s ja 814-s, kuid nende aktiivsused véhenesid kiiresti vasta-

valt temperatuurideliile 60 1а 80°.
Leiti AgNO; ja ta lahuste optimaalsed hulgad, mis tagavad normaalsete alkeenide

Cg...C,3 geomeetriliste isomeeride parima eraldumise. )

СИЛЬВИЯ РАНГ О. ЭЙЗЕН К. КУНИНГАС

ГАЗОХРОМАТОГРАФИЧЕСКОЕ РАЗДЕЛЕНИЕ НЕНАСЫЩЕННЫХ

УГЛЕВОДОРОДОВ НА СТАЦИОНАРНЫХ ФАЗАХ, СОДЕРЖАЩИХ AgNO3

2. Влияние растворителя и концентрации АgNO3, на селективность KOЛOHKH

Приведены газохроматографические показатели для нормальных алкенов Св—Сlз
и тридецена-5 на стационарных жидких фазах, содержащих АеМ№О, (1), при темпера-
турах 60, 80 и 100° С. В качестве внутреннего стандарта использовался транс-октен-2.
В качестве растворителей для (1) применялись этиленгликоль (ЕС), ди- и триэтилен-
гликоли (ОЕС и ТЕС), 1,3-, 1,4- и 2,3-бутандиолы (Вl3, Вl4, 823), 1,6-тександиол. (Нl6})
и 2-бутен-1,4-диол (2В14). Количественная связь между логарифмом удерживания
(17) и числом атомов углерода в молекуле (л) выражена в виде уравнения 1рг=
~=a-+bn. :

Даны оптимальные значения концентрации (1) и количества растворов (1) B cra-

‚ционарной фазе, обеспечивающие четкое разделение пар геометрических изомеров оди-

накового молекулярного веса н-алкенов и приведен ряд указанных растворителей по

убывающей селективности. `


