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SUMMARY 

The Kov&s retention indices (I) ofC&, n-alicynes on squaiane (SQ), Apiezon 
L (APL), polyphenyl ether (PFE) and polyethylene glycol4OQO (PEG) vary relatively 
slightly with temperature (T) in the range 6OI9O”C. On SQ the I values of internal 
n-akynes decrease and OIL PEG and PFE they increase with increase in T, while I- 
and 3-n-alkynes have negative temperature increments on PEG. On SQ the 34somers 
show the greatest change of I with T, and on PEG (CIZ-C14 tz-alkynes) and PFE the 
smallest change. Equations for calculating I based on column temperature are given. 

ENTRODUCTION 

The variation of retention indices with temperature is related to structural 
features of compounds and is usefui for the unambiguous identikation of gas chro- 
mafographic peaks. Using results obtained earlier’, the regularities in the variation 
of Kovaits retention indices of C&I!,, n-alkynes with column temperature on squalane 
(SQ), Apiezon L (ApL), polyphenyl ether (PFE) and polyethylene glycoE4OtH (PEG) 
are considered in this paper_ 

Hiyely and Hinton studied the variation of Kov&s retention indices with 
temperature of C,-C, n-akynes OQ squalane at 27-86”C. Reiatively large negative 
values of the temperature increments for internal C& rr-alkynes on squalane were 
explained in terms of enhanced ri@dity of n-alkyne molecules compared with the 
corresponding n-aikanes. This reikcts the smaller minimum cross-sectionaI areas of 
n-akyne mokcdes compared with n-akmes and a decrease in the dispersion inter- 
action between tit% molecules of n-awes and the liquid phase as the temperature 
increases_ The eKect of temperature on the retention indices of higher alkynes on 
squaiane -and on other liquid phases was not investigated. 



The earlier experimental results1 Weie treated according to eqns. f-4: 

(4) 

where t 2nd T are the column temperature in “C and “K, respectively, and A, B, A’, 
B’, CI, 6, c, a’ and b’ arc const2nts. To 2 fkt approximation, the dependence of I an 
temperature for homologous series of n-&ynes with identical positions of the triple 
bond is virtually linear (eqn. 1) in the range 20-6O”C. The deviations of individual 
experimental points fram the straight lines do not exceed f 0.1-f 0.8 index units 
(iu.). 

A better correlation (aLthough very close to eqn. lj was found with eqns. 2 
and 3. Constants a’ and b’ for ecp. 3 are given in Table L The mean differences be- 
tween experiment21 and calculated Ivalues using these constants are -& 0.1~& 0.2 i.u. 
(0.3 i.u. on ApL at 130°C) with maximum deviations, observed in 2 few insfances 
only, of M-O.7 i-u. The linear relationships between I and I/T for n-dodecynes are 
shown in Fig. 1. There is no better matching of our experimental data with the An- 
taine-type equation (eqn. 4) compared with eqn. 2 or 3. 

The variations of I with temperature depend an the polarity of the liquid 
phase, an the number of carbon atoms and the pas&ion of the triple bond in the 
maiecule. The temzperature increments, N(@$Wj, for the n-alkynes vary from -0.97 
to +0.12 i.u. an SQ, from -0.61 to +0.63 i-u. an ApL, from -0.05 ta t0.91 i.u. 
on PFE and from - I.93 to +0.73 i-u. on PEG (Table II). 

On SQ the retention indices of internal n-2Rynes decrease with increase in 
temperature, while on PEG they increase (except for C6CIz 3-alkynes and G-G 
4alkynes)). Contrary to this, the retention indices of I-alkynes on SQ increase and on 
PEG they decrease with increase in temperature. On PFE, the I v&es of n-alkynes 
increase as the cotumn temperature increases. On ApL, in a simihkmarker to SQ, 
the retention indices of 1-alkynes increase, but those of mast of the internal n-alkynes 
decrease with increase in column temperature. 

The eiTect of chain length on the temperature ikements depends on the 
character of the liquid phase zad 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 coefkients for internal n+lkynes. In m2ny in- 
stances a change from negative td positive values or vice versa occurs,kg., at Clz-CI, 
for 2-, S- and 6-alkynes on ApL and 3-alkynes an PEG ,2nd at C&&, for~4-dlqm?s 

on PEG- The tempenture increments for I-alkynes on PFE, as w&E as those of 5- 
and Baikynes an PFE and PEG, increase gradually as the length of the carbon chain 
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TABLEI 

CONk’ANTS d AND 6’ FOR THE EQUATION I = a’ t b’/T FOR &CIL n-ALKYNES 
--- 

Hydrocm~R SQ APL PFE PEG 

d b d %--d b a’ b 

1-Hexyne 580-4 1312-i 761.8 25027.8 
2-Hexyne 620.7 6995.3 837.3 8786.4 
?-Hexyne 5836 14289.0 782.8 16242.5 

I-Hepkyne 
ZHeptyne 
3-zfeptyne 

685.5 
723.4 
659.3 

-434-g 

7196.3 
10093.3 

871.8 
970.2 
875.5 

21937.7 
-2060.4 
13338.8 

I-Cktyne 785.7 -727.7 991.8 14912.4 
2-Octyne 822.7 7173-4 1077.7 -4907.9 
3-Octyne 792.7 9088-i 1cm2 3634.0 
4-Octyne BO.3 7609.1 980.2 6669.0 

I-NOElpI 889-g -2191.0 1013.7 -3964.9 1108.0 9515.9 
2-Nonyze 926.8 5252.9 1086.4 -7272.8 1180.0 -6492.9 
3-Nonyne 891.3 8914.8 1027.8 1823.0 1097.6 4253.3 
4-Nonyne 892.5 6573.2 1035.6 -StJ64I2 1091.6 1332.7 

I-DccylPZ 989.9 -2220.9 1021.4 -1OlS6.1 1118.6 -5752.6 1209.4 9177.2 
ZDecyne 1026.2 5522.6 103S.S 5137.7 1204.1 - 13309.7 1285.2 -8333.2 
3-D-e 991.9 8156.3 994.9 9626.1 1133.7 -673.8 1203.2 1602.8 
4-Decyne 991.3 5330.0 996.7 6014.7 1130.3 - -3645.4 1192.9 -79’ 3 _ __ 
5-Decyne 998.0 3739.4 1008.2 2Go5.0 1129.5 -3255.0 1195.8 - 1876.7 

Z-Undecyne 1089_9 -2206.8 1 lfM.0 -3563.3 1228.8 -9881.4 1316.8 63643.5 
2JJndecyne 1127.9 4723.2 1142.4 3569.1 1287.6 -7601.7 1388.2 -9692.6 
3-Undecyne IOXO.2 12375.6 1097.6 8255.9 1239.7 - 34SO.S 1299.3 2594.4 
CUndccyne 1086.5 7042.7 1105.1 2to9.3 1238.5 -7402.0 1292.5 - 1375.9 
5-Uildsyne 1091.9 4758.8 1106.3 1411.7 1231.1 -4824.1 1293.3 -2853.5 

i-Dadeqne fl84.1 155.4 1222.9 -11506.5 1323.4 -7836.6 1420.8 5047.4 
2-Dadeqne 1226.0 5331.2 1244.2 2706.9 14w.2 - 12670.5 1487.6 -9200.8 
3-Dadecyne 1186.1 9743.6 11900.1 11206.8 1337.2 -3028.8 144X.3 1650.7 
4-Dad-e 1184.9 7043.1 1209.6 -467.2 1343.3 - 10288.0 1398.4 -4388_4 
5-Dadeqne 1 i93.8 3C04.8 1199.1 3654.8 1336.0 -7747.1 1395.0 -4622.4 
6-Dodecyne 1197.8 912.8 1204.1 962.8 1330.8 - 5790.4 1393.9 -4755.4 

f-Tridecyne 1321.3 - 10860.2 1424.2 - 8306.4 1523.8 3665.6 
2-Tridecyne 1350.9 -59.2 1495.2 - 10662.1 1595.3 -12513.4 
3-Tridecyne 1304.0 4940.2 1432.7 - 1340.2 1569.2 - 1724.4 
GTridecyne 1301.4 2440.8 1430.7 -S846.5 1490.6 - 1620.2 
5-Trideqnte 1310.1 - 1953.6 1430.6 -6367.1 1501.6 - 8424.5 
6-Tridecyne 1317.8 -6402.1 1441.6 -11239.1 1499.8 -8800_4 

i-Tmdecyne 1426.0 -12789.1 1530.9 -11112.4 1632.5 
2-Tetradecyne 14S6.6 -24%8 1588.2 -7645.1 1688-g 
3-‘Fetradecyxe 1410.1 2002.5 1528.9 76.3 Km.5 
4Tetmdecyne 14u4.3 1023.3 1529.6 -5519.3 1599.8 
5-‘Fetradecyne 14L7.6 -5346-O 1531.3 -7210.0 1599.6 
6-Tetradeqme 1411.3 -4355.0 1540.1 -11749.1 1599.0 
7-Tepizdeqme 1405.9 -24259 1540.1 --I2299.0 1602.4 

E33.81 
-9706.5 
-1602.7 

1 -5843.0 
--8311.6 
-9715.1~ 

--tL816.0 
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Fig. 1. Del;endcnces of retention indices of n-dodecynes OE the reciprocal of the absolute CO~UGIII 
temperature on SQ, Apk, PFE uld PEG. ibe numbers on the lines indicate the position of the 
tiple bond in the molecule. 

increases. The variations of the 10(&I/W) values of I-alkynes on SQ and _4pL, 2-, 3- 
and Palkynes on PFE and 2-alkynes (HZ,) on PEG do not show definite patterns 
with increasing chain iength. In the last instance the change from negative to positive 
values is observed at C,C,. 

Plots of lO@I,,&T) values Y~FSUS the position of the triple bond in a molecuIe 
adz similar for SQ and ApL and for PFE and PEG [Fig. 2). 0n SQ and ApL the 
tem_p&ture increments gro-w more negative as the triple bond shifti from &e first 

carbon atom to the third (e.g., on SQ for n-dodecynes from -0.01 to -0.66 i.u.) 
and then increase as tie triple bond shifts nearer the centre of the molecule. For the 
group of positional isomers with identical chain Iengths on ApL and SQ, the de- 
crease in I with T is greatest for 3-alkynes. Contrary to this, on PFE and PEG the 
change in I with increase in T for 3-&ynes is smallest [on PEG in the ClL+4 
region only, whereas in the range C&Z,, the sm&est lO@@T) values occur for J- 
alkynes]. Differently from n-alkynes, the temperature increments of n-a&en= are 
mostly positive oa SQ3s’ (Fig. 2). Tn their absohxte vafues they do nc$ dB%r matliedly 



TABLE11. 
f 

kEMPER!&RE KNCREMENTS OF RETENTION ZNDLCES, tC@I/cYI’); FOR ISOMERIC 
‘Z&C& II-ALKYNES 

- 
Staiianafy Number Pa&fan aftrijule bond Tempra- 
pirave of rut%? 

.?%7rboE I 2 3 4 5 6 7 range 
atoms CC) 
in 
moleczde 

Sqaktne 6’ 
6 
7l 
7 
8 
9 

10 
I1 
12 

-I-0.201 
-i-o.10 
0.31' 
0.01 
0.01 
0.10 
0.12 
0.12 

-0.01 

-0.41’ -0.8oL 
-0.54 -0.97 
-0.27’ -0.80L 
-0.51 -0.73 
-0.46 -0.57 
-0.33 -0.53 
-0.32 -0.50 
-0.34 -0.72 
-0.34 -0.66 

-0.33 -0.60 
-0.18 -0.45 
-0.10 -0.61 

:Y! 
-0.25 
-0.10 

-OS4 
-0.45 
-0.40 
-0.40 
-0.44 

Apiezon L i0 0.60 
11 0.22 
I2 0.62 
13 0.55 
14 0.63 

-0.33 -0.13 
-0.10 -0.10 

0.02 -0.20 
-0.13 0.10 
-0.07 0.29 

PolyphenyI 9 0.37 o-47 -0.05 0.29 
ether 10 0.50 0.91 0.00 0.27 

11 0.56 0.50 0.19 0.43 
12 0.46 O-68 0.16 0.58 
13 0.55 0.64 0.02 0.35 
14 0.68 0.46 0.00 0.30 

Polyethy!ene 6 -1.93 -0.51 -1.26 
giycol4tm? 7 -1.68 0.20 -1.03 

8 -1.17 0.41 -0.67 
9 -0.69 0.44 -0.27 

10 -0.64 0.55 -0.13 
11 -0.39 0.58 -0.12 
12 -0.24 0.53 -0.08 
13 -0.15 0.73 0.05 
14 -0.07 0.45 0.05 

-0.49 
-0.03 

0.02 
0.11 
0.21 
0.19 
0.29 

-0.30 
-0.30 
-0.24 

0.20 
0.34 
0.52 
0.40 
0.53 

0.12 
0.21 
0.22 
0.33 
0.49 

-0.08 

-0.03 
0.18 
0.21 0.13 

0.45 
0.66 
0.61 0.75 

0.26 
0.52 
0.55 0.64 

27- 86 
90-130 
27- 86 
90-130 
W-130 
W-130 
9a-130 

110-130 
1 IO-130 

llo-150 
1 lo-170 
13th170 
150-190 
m-190 

90-130 
90-130 
!30-150 

1 lo-150 
I m-170 
1 la-170 

60- 80 
a?- 80 
60- 80 
SO-120 
80-120 
100-160 
100-160 
12~160 
120-160 

for C&-Cl2 2-, 3- and 4alkynes and for the corresponding cis-alkenes. On SQ the 
absolute itl(@/B’) values for C& I-, c&5- and cis&alkenes are greater than those 
for the corresporrding n-alkynes. Contrary to this, the absolute ~O@I/CW) values for 
c,&& internal n-aRikynes are greater than those for the corresponding &-a&ems. On 
saudane3 the minimrrm (61/ST = 0 mostly) values are found for trmw24kenes 
(Fig. 2). These diEerences in the variation of 6~/6Tvahm between n-dkenes and IL- 
alkynes reff ect their differerrt electrorric and geometrical structures. In these solute and 
solvent interactions, an important role is piayed by the high rigidity of n-alkyne 
molecu.Ies, as discussed by Hive& and Hinton*. 
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Fig. 2. Variation of lC@Z~H) values with the position of the trip&z bond in the molecule for IL- 
d-es, n-dadecynes and n-tetrad=nes. Stationary phase: -, squalane; -----, Apizzon L; 
--- , polyphenyl ether; - - - - - *, polyethylene glycol4000. other compamds: 0. fram-alkenes3; 
x , cis-alkenes3; @, I-alken&‘. 

The H/tWvalues of 5-,6- and 7-alkynes do not differ markedly from each other 
on PFE and PEG. 

The I-T relationships permit I values of C,-C,, n-alkynes to be calculated at 
various temperatures and the most suitable analysis temperature to be chosen; they 
an also be used for identification uurposes and for the calculation of the thermo- 
dynamic functions of n-alkyne so&ions. 
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