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SUMMARY

The Kovits retention indices (F) of Cs—C,, n-alkynes on squalane (SQ), Apiezon
L (Apl), polyphenyl ether (PFE) and polyethylene glycol 4000 (PEG) vary relatively
slightly with temperature {T) in the range 60-190°C. On SQ the J values of internal
n-alkynes decrease and on PEG and PFE they increase with increase in 7, while 1-
and 3-n-alkynes have negative temperature increments on PEG. On SQ the 3-isomers
show the greatest change of  with T, and on PEG (C,.-C,. n-alkynes) and PFE the
smallest change. Equations for calculating 7 based on column temperature are given.

INTRODUCTION

The variation of retention indices with femperature is related to structural
features of compounds and is useful for the unambiguous identification of gas chro-
matographic peaks. Using results obtained earlier?, the regularities in the variation
of Kovats retention indices of Cs—C,, n-alkynes with column temperature on squalane
(59Q)}, Apiezon L (ApL), polyphenyl ether (PFE) and polyethylene glycol 4000 (PEQ)
are considered in this paper.

Hively and Hinton? stuedied the variation of Kovats retention indices with
temperature of C;—C,; n-alkynes on squalane at 27-86°C. Relatively large negative
values of the temperature increments for internal C.—C, n-alkynes on squalane were
explained in terms of enhanced rigidity of n-alkyne moelecules compared with the
corresponding r-alkanes. This refiects the smaller minimum cross-sectional areas of
n-alkyne molecules compared with n-alkanes and a decrease in the dispersion inter-
action between the molecules of n-alkynes and the liguid phase as the temperature
increases. The effect of temperature on the retention indices of higher alkynes on
squalane -and on other liguid phases was not investigated.
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RESULTS AND DISCUSSION

The earlier experimental resulis® were treated according to egns. 1-4:"

I=A+ Bt : . - (1)

1—_—A'+i:— ' @

1=a’+l,} 3
b

I=a+——F @

where ¢ and T are the column temperature in °C and °K, respectively, and 4, B, 4,
B, a, b, c, 2’ and b’ are constants. To a first approximation, the dependence of Fon
temperature for homologous series of n-atkynes with identical positions of the triple
bond is virtually linear (egn. 1) in the range 20-60°C. The deviations of individual
experimenial points from the straight lines do not exceed -+ 0.1-L 0.8 index units
(iu.).

A better correlation (although very close to eqn. 1} was found with eqns. 2
and 3. Constants &’ and b’ for egn. 3 are given in Table I. The mean differences be-
tween experimental and calculated 7 values using these constants are +- 0.1—-2- 0.2 i.u.
(0.3 i.u. on ApL at 130°C) with maximum deviations, observed in a few instances
only, of 0.6-0.7 i.u. The linear rclationships between I and 1/T for n-dodecynes are
shown in Fig. 1. There is nc better matching of our experimental data with the An-
toine-type equation (eqn. 4) compared with egn. 2 or 3.

The variations of 7 with temperature depend on the polarity of the liquid
phase, on the number of carbon atoms and the position of the triple bond in the
molecule. The temperature increments, 10(67/6T), for the n-alkynes vary from —0.97
to +0.1Z21iu. on SQ, from —0.61 to +0.63 i.u. on ApL, from —0.05 to +091 i u.
on PFE and from —1.93 to +-0.73 i.u. on PEG (Table I).

On SQ the retention indices of internal n-alkynes decrease with increase in
temperature, while on PEG they increase (except for Cg—C,, 3-alkynes and Co—C
4-alkynes). Contrary to this, the retention indices o:f 1-alkynes on SQ increase and on
PEG they decrease with increase in temperature. On PFE, the [ values of n-atkynes
increase as the column temperature increases. On ApL, in a similar manner to SQ,
the retention indices of 1-alkynes increase, but those of most of the internal n-alkynes
decrease with increase in column temperature.

The effect of chain length on the temperature increments depends on the
character of the liquid phase and the position of the triple bond in the molecule.
In general, on SQ and ApL lengthening of the carbon chain leads to 2 decrease in the
absolute values of the temperature coefiicients for internal r-alkynes. In many in-
stances a change from negative to positive values or vice versa occurs, 2.g., a2t Ci»—Cyz
for 2-, 5- and 6-alkynes on ApL and 3-alkynes on PEG ,and at Cy—C,, for 4-atkynes
on PEG. The temperature increments for 1-alkynes on PFE, as well as those of 5-
and 6-alkynes on PFE and PEG, increase gradually as the Iength of the carbon chain
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TARLE I
CONSTANTS 2’ AND 5 FOR THE EQUATION I = g’ -+ b'|/T FOR CeCy: nr-ALKYNES
Bydrocarban S0Q ApL PFE PEG

& . a % & 4 a 5
1-Hexyne 580.4 13127 761.8 25027.8
2-Hexyne 620.7 6995.3 837.3 8786.4
3-Hexyne 583.2 142890 782.8 16242.5
i-Heptyne 685.5 —4349 871.8 219377
2-Heptyne 723.4 7196.3 970.2 —2060.4
3-Heptyne 689.3 10093.3 8755 133388
1-Octyne 785.7 —721.7 991.8 149124
2.Qctvne 8227 71734 1077.7 —4907.9
3-Octyne 7927 9083.1 1602.2 3634.0
4.Qctyne 790.3 7609.1 980.2 6669.0
1-Nonyne 8893 -—-2191.0 1013.7 —3964.9 1108.0 9515.9
2-Noayne G26.8 52529 10864 —7272.8 11800 —6492.9
3-Nonyne 891.3 8914.8 1027.8 1823.0 10976 4253.3
4-Nonyne 8925 6573.2 1035.6 —5060.2 1091.6 1332.7
1-Decyns 9899 — .9 1021.4 —10186.1 11186 —5752.6 12094 9177.2
2-Decyne 1026.2 5522.6 10388 5137.7 12041 —13309.7 1285.2 —8333.2
3-Decyne 9919 8156.3 9949 9626.1 11337 —673.8 1203.2 1602.8
4-Decyne 991.3 5330.0 996.7 60147 1130.3 ~ —36454 11929 —2923
S-Decyne 998.0 37394 1008.2 2G605.0 11295 —3255.0 1195.8 —1876.7
i-Undecyne 10899 —2206.8 1104.0 —3563.3 1228.8 —9881.4 1316.8 6364.5
2-Undecyne 11279 47232 11424 3569.1 1287.6 —7601.7 1388.2 —9692.6
3-Undecyne 1080.2 123756 1097.6 82559 1239.7 —34%0.5 1299.3 2564 .4
4-Undecyne 1086.5 7042.7 1105.1 2109.3 12385 ~-7402.0 12925 —1375.9
S-Undecyne 10919 4758.8 1106.3 14117 1231.1 —4824.1 1293.3 —2853.7
1-Dodecyne 1184.1 1554 12229 —11506.5 13234 —7836.6 14208 50474
2-Dodecyne 1226.0 5331.2 12442 27069 1400.2 —12670.5 1487.6 —9200.8
3-Dadecyne 1186.1 9743.6 1190.1 112068 13372  —30288 14013 1650.7
4-Dodecyne 11849 7043.1 12096 —467.2 13433 —10288.0 13984 —4388.4
S5-Podscyne 11938 3004.8 1199.1 3654.8 1336.0 —7747.1 13950 —4622.4
6-Dodecyne 1197.8 912.8 1204.t1 962.8 1330.8 —5790.4 13939 —4755.4
1-Tridecyne 1321.3 —10860.2 14242  —83064 15238 3665.6
2-Tridecyne 1350.9 —59.2 1495.2 —10662.1 15953 —125134
3-Tridecyne 1304.0 4940.2 1432.7 —1340.2 15G9.2 —1724.4
4A-Tridecyne 13014 24408 1430.7 —5846.5 1490.6 —1620.2
5-Tridecyne 1310.1 —i953.6 1430.6 —6367.1 1501.6 —8424.5
§-Tridecyne 1317.8 —6402.1 1441.6 —11239.1 14998 —8800.4
i-Tetraﬂecyne 14260 —12789.1 15309 —11112.4 16325 133.8]
2-Tetradecyne 1456.6 —2484.8 1588.2 —7645.1 1688.9 —9706.5
3-Tetradecyne ) 1410.1 2002.5 15289 76.3 1608.5 —1602.7
4-Tetradecyne 14043 1023.3 15296 —5519.3 15898 —5843.0
S-Tetradecyne 1£17.6 —53460 15313 —7210.0 15996 —8311.6
6-Tetradecyne 14113 —4355.0 1540.1 —11749.1 1599.0 —9‘715.1!

7-Tetradecyne 14059 —24259 1540.1 —12299.0 16024 —11816.0
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Fig. 1. Dependences of retention indices of n-dodecynes on the reciprocal of the absolute column
temperature on SQ, ApL, PFE and PEG. The numbers on the lines indicate the paogsition of the
triple bond in the molecule.

increases. The variations of the 10{(61/6T) values of I-alkynes on SQ and ApL, 2-, 3-
and 4-alkynes on PFE and 2-alkynes (>C;) on PEG do not show definite patierns
with increasing chain iength. In the last instance the change from negative to positive
values is observed at C—C,.

Plots of 10(61/6T) values versus the posiiion of the triple bond in a molecule
are similar for SQ and ApL and for PFE and PEG (Fig. 2). On SQ and ApL the
temperature increments grow more negative as the triple bond shifis from the first
carbon atom to the third (e.g., on SQ for n-dodecynes from —0.0! to —0.661u.)
and then increase as the triple bond shifts nearer the centre of the molecule. For the
group of positional isomers with identical chain lengths on ApL and SQ, the de-
crease in 7 with T is greatest for 3-alkynes. Confrary to this, on PFE and PEG the
change in f with increase in T for 3-alkynes is smallest lon PEG in the C,-Cyq
region only, whereas in the range C4—-C,, the smallest 10(8]/6T) values occur for 4-
alkynes]. Differently from r-alkynes, the temperature increments of n-alkemes are
mostly positive on SQ°-¢ (Fig. 2). In their absolute values they do not differ markedly
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TABLE I i

'TEMPERATURE INCREMENTS OF RETENTION INDICES, IO{&E/&T); FOR ISOMERIC
CoCi 1-ALKYNES

Statianary Number Posétion of triple bond Fempera-
phase S on 1 2 3 ¢ 5 6 7 remee
atoms (°C}
in
niolecule
Squalane 6* +0.20* —041* —O080* 27— 86
(i} +0.10 —0.5¢ —0.97 90-130
7! 0.31r —027* —0.80* 27- 86
7 0.01 —0.51 —0.73 90-130
8 0.01 —046 —0.57 —0.54 90-130
9 0.10 —0.33 —0.53 —045 a0-130
10 0.12 —0.32 —0.50 —040 —0.39 90-130
i1 0.12 —0.34 —0.72 —040 —0.30 110-130
12 —0.01 —0.34 —0.66 —044¢ —024 —0.08 110-130
Apiezon L 10 060 —033 —060 —033 -—0.13 110-150
11 0.22 —0.18 —0.45 —0.10 —0.190 110-170
12 0.62 —0.10 —0.61 002 —020 —-003 130-170
13 0.55 000 —025 —013 010 018 150-190
14 0.63 013 -010 —-007 0.29 0.21 0.13 150-190
Polyphenyl 9 0.37 047 —0.05 0.29 20-130
ether 10 0.50 0.91 0.09 0.27 0.20 90-130
11 0.56 0.50 0.19 0.43 0.34 90-150
12 0.46 0.68 Q.16 0.58 0.52 0.45 110-150
i3 0.55 0.64 0.02 0.35 0.40 0.66 110-170
14 0.68 0.46 0.00 0.30 0.53 0.61 075 110-170
Polyethylene 6 —1.93 —0.5¢ —1.26 &0 80
glycol 200 7 —1.68 0.20 —103 60— 80
8 —1.17 0.41 —0.67 —0.49 60— 80
9 —0.69 044 —0.27 —0.03 . 80-120
10 —0.64 0.55 —0.13 0.02 0.12 80-120
1t —0.39 0.58 —0.12 0.11 0.21 100-160
12 —0.24 0.53 —0.08 0.21 0.22 0.26 100-160
13 —0.15 0.73 0.05 0.18 0.33 0.52 120160

14 —0.07 0.45 0.05 0.29 0.49 0.55 0.64 120-160

for Co~C,, 2-, 3- and 4-alkynes and for the corresponding cis-atkenes. On SQ the
absolute 10(87/6T) values for Ce—C,; 1-, cis-5- and cis-6-alkenes are greater than thcse
for the corresponding r-alkynes. Contrary to this, the absolute 10(6/6T) values for
Cs—C; internal r-alkynes are greater than those for the corresponding cis-alkenes. On
squalane’® the minimum (8J/67 = 0 mostly) values are found for frans-2-alkenes
(Fig. 2). These differences in the variation of 6/6T values between n-atkenes and n-
alkynes refiect their different electronic and geometrical structures. In these soluteand
solvent interactions, an important role is played by the high rigidity of nr-alkyne
molecules, as discussed by Hively and Hinton?.
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Fig. 2. Variation of 1{é1/6T) values with the position of the triple bond ia the molecule for -
decynes, n-dodecynes and n-tetradecynes. Stationary phase: , squalane; -—-—- , Apiezon L;

— ——, polyphenyl ether; «----- , polyethylene glycol 4000. Other compounds: O, frans-alkenes®;
x ., cis-alkenes?; &, l-alkenes®.

The 61/6T values of 3-, 6- and 7-alkynes do not differ markedly from each other
or: PFE and PEG.

The I-T relationships permit 7 values of C,—C,, n-alkynes to be calculated at
various temperatures and the most suitable analysis temperature to be chosen; they

can also be used for identification purposes and for the calculation of the thermo-
dynamic functions of n-alkyne solutions.
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