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SUMMARY

z-Alkynes have characteristic retention index () increments (H and 47, where
H =1 _ixyne — Lsigane DG AF = Jrotar _ paou-polary that permit the identification of
positional isomers. Af increments are useful for the differentiation of 1-, 2- and 3-
isomers, whire for n-alkynes with more central positions of the triple bond they are
identical. Theé structural increments for n-alkynes depend on the polarity of the
liquid phase, the number of carbon atoms and the position of the triple bond in the
molecule and temperature. The H and A7f values for internal r-alkynes are markedly
higher than those for n-alkenes. On squalane the H increments of l-alkynes and 1-
alkenes are nearly identical.

INTRODUCTION

Retention index increments are structural characteristics of a compound that
are very useful foridentification purposes and the prediction of retention behaviour'—>.
Up to now, structural increments, H (Z._aixyne — Jr-atkane) 20d AF (IP0137 — [non-polary
for n-alkynes have not been investigated, and studies using squalane (SQ), Apiezon L
(ApL), polyphenyl ether (PFE) and polyethylene glycol 4000 (PEG) as stationary
phases are reported in this paper.

RESULTS AND DISCUSSION

The structural increments H and A7 for Cs—C,, n-alkynes calculated from the
data reported earlier® are summarized in Tables I and I1. It can be seen that the values
depend on the polarity of the stationary phase, column temperature, number of
carbon atoms and position of the triple bond in a molecule.

H structural increments ‘

The H values increase with increasing polarity of the liquid phase: for the
CCy¢ n-alkynes the HiQ values vary from —16 to +42 index units (i.u.), Ay from
102 to 169 i.u. and HTES from 172 to 265 i.u.
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TAEILE1
H STRUCTURAL INCREMENTS OF C—Cys n-ALKYNES
Compound Squalane Apiezon L  Polyphenyl ether Polye:hylene
(110°) {150°) ehyeol 4000
1ro° 150° 1o 150°
1-Hexyne —16.1 227.1
1-Heptyne —15.8 229.0
1-Octyne —16.3 230.7
1-Nonyne —159 103.4 2329
1-Decyne —15.8 103.5 2324
1-Undecyne —158 103.1 105.3 2334 2320
1-Dodecyne —15.6 —4.8 1029 104.7 2339 2325
1-Tridecyne —4.5 1026 1047 2331 2323
1.Tetradecyne —4.3 1020 1048 2327 2322
2-Hexyne 38.4 260.3
2-Heptyne 420 264.8
2-Octyne 41.4 264.9
2-Monyne 40.6 167.6 263.0
2-Decyne 40.8 169.0 263.4
2.Undecyne 40.1 167.6 169.6 2628 2653
2-Dodecyne 39.8 50.5 167.5 170.5 2636 2655
2-Tridecyne 50.6 167.6 170.3 2625 2652
2-Tetradecyne 50.7 168.3 170.3 263.8 265.4
3-Hexyne 19.9 2252
3-Heptyne 158 210.3
3-QOctyne 16.3 211.7
3-Monyne 147 1325 208.8
3-Decyne 13. 1319 2074
3-Undecyne 124 130.6 i31.3 206.0 2054
3-Dodecyne i14 164 1284 130.%1 2056 2053
3-Tridecyne 15.8 129.2 1264 204.7 2049
3-Tetradecyne 149 129.1 129.1 2042 2042
4-Octyne 10.3 197.6
4-Monyne 9.7 1220 195.2
4-Decyne 6.8 1210 1921
4-Undecyne 43 1190 1212 1889 188.8
4-Dodecyne 33 8.6 116.6 1180 187.2 1880
4-Tridecyne 7.1 115.3 i17.2 186.1 186.7
4-Tetradecyne 69 1152 11635 ig4s 185.5
5-Decyne 8.0 1209 190.8
S5-Undecyns 43 118.3 119.7 185.7 186.5
5-Dodecyne 1.7 74 1158 1176 183.0 1842
S-Tridecyne 55 1140 115.5 1798 181.3
5-Tetradecyne 3.9 112.7 1148 177.7 179.5
6-Dodecyne 0.3 6.0 1157 1170 181.6 1827
6-Tridecyne 2.6 112.2  115.2 176.9 178.8
6-Tetradecyne 1.1 109.8 112.3 173.6 1756

7-Tetradecyne 0.2 168.1 111.2 1715 174.0
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TABFEH
Af STRUCTURAL INCREMENTS OF C¢-C;; n-ALKYNES

Compound  Fosition of triple band

1 2z 3 4 5 &6 1 2 3 4 5 6
AF = [FFE—e AF = FFEG—se
Hesyne 2432 2219 2053
Heptyne 2448 2228 1945 _
Octyne 247.0 223.5 1954 187.3
Nonyne 119.3 127.0 117.8 1123 248.8 2224 194.1 1855
Decyne 1193 1282 1186 1142 1129 2492 2226 1941 185.3 182.8
Undecyne 1189 127.5 1182 1142 114.0 2492 2227 193.6 184.1 181.4

Dodecyne 118.5 127.7 118.0 113.3 1141 1154 2495 223.8 194.2 1839 181.3 181.3

In general, the H values decrease in homologous series (Fig. 1) owing to the
decrease in the relative contribution of the triple bond to the intermolecular interac-
tion with lengthening of the alkyl chain in the molecule. Lower A values are observed
for 2-hexyne and 3-heptyne on SQ and PEG. This phenomenon is similar to the
anomalously low H values of i-pentene, cis- and frans-2-hexenes and frans-3-heptene
on SGQ, which were explained in terms of their capability to form cyclic arrangements
by intramolecular orbitai interactions®. The negative H values of I-alkynes onsqualane
are nearly independent of the chain length, varying from —16.1 to —15.6 for the
C—C,, series at 110°. In the group of 1-alkynes on PEG, the C—C; compounds have
lower H values (227-231 i.u.) than the higher homologues (233 i.u.).
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Fig. 1. Dependence of H structurzl increments on the number of carbon atoms in a molecule (1)
for homologous series of n-alkynes at 110°. A, squalane; B, polyphenyl ether; C, polyetbylene glycol
4000. The m.mbets on the lines indicate the positions of the triple bonds.
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' The H increments for internal n-alkynes with 1&6321@— cﬁam lengtﬁs decrease
-as the triple bond shifts towards the centre of the molecule, being greatest for 2-
alkynes (except that on squalane 3-decyne has a higher increment value than 4-

decyne).

AF strﬁcmm" increments -

As can be seen from Table II, at a given temperature the 47 values depend
appreciably on the position of the triple bond in the molecule and the polarity of the
liquid phase. The number of carbon atoms in the molecule has oniy a slight effect on
the A7 values.
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Fig. 2. Dependence of A structural increments of Cye-C,; n-alkynes on the position of the triple
bond in the molecule at 110°.

The I35$~SQvalues decrease in agreement with the shift of the triple bond to-
wards the centre of molecule (up to the fifth carbon atom) owing to the increase in the
shielding effect with lengthening of the n-alkyl chain from C, to C, on the dipole-
dipole interaction between n-alkynes and the polar liquid phase. The highest f/§5C 52
values among positional isomers with identical chain lengths are found for 1-alkynes
{Fig. 2) .This result can be explained in terms of the formation of hydrogen bonds
between I-alkynes and PEG molecules, owing to the presence of the acidic hydrogen
atom at the highly clectronegative first carbon atom in i-alkynes and the proton-
accepting oxygen atoms in the liquid phase. The largest decrease in the 55552 values
is observed with the shift of the triple bond from the first to the second and third
carbon atoms. With further shift of triple bond towards the centre of a molecule the
changes in JPEC—5? values are smaller, and remain nearly constant for compounds
with the triple bond in the S-position and nearer to the centre of the molecule. The
F2ES~52 yalues are about twice those of FEFE~S? {Tahle 2). -

In a similar manner to IFEG—-SQ, the FFFE-SQ yalues for internal n-alkynes with
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TABRLE II

CHARACTERISTIC STRUCTURAL INCREMENTS OF RETENTION INDICES OF Co-C»
n-ALKYNES AT 110°

Compound  Hi% = HEE rEee e
t-Alkynes —156-—152 102.9-103.5 2329-2339 248.8-2495 118.5-119.3
2-Alkynes 39.8- 408 167.5-1650 262.8-263.6 2224-2238 127.0-128.2
3-Alkynes 11.4- 147 12941325 § 2056-208.8 19361942 117.3-1186
4-Alkynes 3.3 9.7 116.6-122.0 187.2-195.2 183.5-185.5 112.3-114.2
S5-Alkynes 1.7- 80 11581209 183.0-150.8 181.3-182.8 112.9-114.1
6-Dodecyne 0.3 115.7 i81.6 181.3 115.4
TARBLE IV

CHARACTERISTIC STRUCTURAL INCREMENTS OF RETENTION INDICES OF C,»-C;,
n-ALKYNES AT 150°

Compound ~ H{' HIT His® S
1-Alkynes ~ —43-—4.8 1047-1048 23222325 236.5-237.3 109.1-109.5

2-Alkynes 50.5- 50.7 170.3-170.5 265.2-265.5 214.6-215.0 1i9.6-1200
3-Alkynes 149- 164 125.1-130.1 20422053 188.9-189.3 113.6-114.2

4-Alkynes 6.9- 8.6 116.5-119.0 185.5-188.0 178.6-172.6 109.6-1104
5-Alkynes 3.9- 7.4 114.0-117.6 179.5-184.2 175.6-176.8 110.0-110.2
6-Alkynes 1.I- 6.0 3123-1170 1756-182.7 174.5-176.7 111.0-112.¢6
7-Tetradecyne 0.2 111.2 174.0 173.8 111.0

identical chain lengths decrease with the shift of the triple bond towards the centre
of a2 molecule (except for n-dodecynes the increass in IFFE~SQ with the shift of the
triple bond from position 4 to 6 Is found). The highest I5I5 52 values are observed
for 2-alkynes, whereas 1- and 3-alkynes have close (lower) values of JFFE—SQ,

In Tables I and IV the characteristic H and 47 vaiues for C,;—C,, n-alkynes
at 110° and C,,-C, n-alkynes at 150°, respectively, are given.

From these results it is evident that the H and A7 increments for r-alkynes are
characteristic of these compounds. They differ markedly from those of n-alkenes*»5-’
{except that the H values of l-alkynes and I-alkenes are nearly ideatical on squalane)
and provide useful additional structural information about unknown compounds.
Further, they can be used in the calculation of the contribution of triple bonds to 7
when predicting retention indices on the basis of molecular structure.

The temperature dependences of 7 reported in ref. 8 enable one to calculate the
structural increments at different temperatures.
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