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SUMMARY 

n-Alkynes have characteristic retention index (1) increments (N and dl, where 
H = Ia_s,&ps - Irr_alkanc and AI = PO’= - In0n-Po13r) that permit the identification of 

positional isomers. dI increments are useful for the differentiation of I-, 2- and 3- 
isomers, whire for n-a&ynes with more central positions of the tripIe bond they are 
identical. The 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 AI values for internal n-alkynes 2rc markedly 
higher than those for n-alkenes. On squalane the H increments of l-alkynes and l- 
aikenes are nearly identicai. 

INTRODUCTION 

Retention index increments are structural characteristics of a compound that 
are very useful for identification purposes and the prediction of retention behaviour1-5. 
Up to now, stn?ctural incrementi, H (I+Jlleyne - Iz_iEikJoe) and d1 (P”ar - I”on-pol+r), 
for n-aikynes have not been investigated, and studies using squalane (SQ), Apiezon L 
(A&), polyphenyi ether (PFE) and polyethylene glycol 4000 (PEG) as stationary 
phases are reported in this paper. 

RESULTS AND DISCUSSION 

The structural increments Hand b1 for C.&Z,, rr-alkynes calculated from the 
data reported earheP are summarized in Tables I and II. 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. 

The N v&es increase witi incre&ing polarity of the liquid phase: for the 

G-C& n-alkynes the Hz% values vary from - 16 to i-42 index units (i.u.), H1p,F from 
I02 to 169 i-u. and HrgG from 172 to 265 i.u. 



1 -He.xyne 
1-Heptyne 
1-Cktyce 
1-Non_yle 
1-D-e 
1 -Undecyne 
I-Dodecyne 
1 -Tridecyne 
I-Tetrad-e 

2-Hexyne 
2-Heptyne 
2-Cktyne 
2-Nonyue 
2-Decyne 
2-Undecyne 
2-Dodecyne 
2-Trideqae 
2-Tetradeqne 

3-Hexyne 
3-Heptyoe 
3-Octyrie 
3-Nonyrie 
3-D-e 
3-Undecyne 
3-Dodecyne 
3-Tridecyne 
3-Tetrad-e 
4-Cktyse 
4Nonyne 
4-e 
PUndcqme 
4Dodecyne 
4Tridecze 
4Tetrzdecyne 

5-Dayne 
5-Undecyae 
S-Dodecyne 
S-Tridecyne 
STetradecyne 

6-DodeCpS 
6-Ti-iduqne 
6-Tetrzdecyne 

7-Tetradecyne 

-16.1 
-15.8 
-16.3 
- 15.9 
-15.8 
- 15.8 
-15.6 

38.4 
42.0 
41.4 

z+: 
40.1 
39.8 

19.9 
15.8 
16.3 
14.7 
13.3 
124 
11.4 

10.3 
9.7 
6-8 
4.8 
3.3 

8.0 
4.3 
1.7 

0.3 

-4.8 
-4.5 
-4.3 

50.5 
50.6 
50.7 

16.4 
15.8 
149 

8.6 
7.1 
62 

7.4 
5.5 
3.9 

6.0 
2.6 
I.1 

02 

103.4 
103.5 
103.1 
1029 
102.6 
102.0 

167.6 
169.0 
167.6 
167.5 
167.6 
168.3 

132.5 
131.9 
130.6 
129.4 
129.2 
129.1 

122-O 
121.0 
119.0 
116.6 
115.3 
115.2 

120.9 
118.3 
115.8 
114.0 
112.7 

115.7 
112.2 
109.8 

108.1 

105.3 
104.7 
104-7 
l@&S 

169.6 
170.5 
170.3 
170.3 

131.3 
130.1 
129.4 
129.1 

121.2 
119.0 
117.2 
116.5 

119.7 
117.6 
il5.5 
114.8 

117.0 
115.2 
112.3 

111.2 

227.1 
229.0 
230.7 
232.9 
233.4 
233-4 
233.9 
233.1 
232.7 

260.3 
2648 
264.9 
263.0 
263.4 
262.8 
263.6 
262.5 
263.8 

225.2 
210.3 
211.7 
208.8 
207.4 
206.0 
205.6 
204.7 
204.2 
197.6 
195.2 
192.1 
188.9 
187.2 
186.1 
Ia5 

190.8 
185.7 
183.0 
179.8 
177.7 

181.6 
176.9 
173.6 

171.5 

232.0 
232.5 
2323 
232.2 

2655.3 
265.5 
265.2 
265.4 

205.4 
205.3 
2@+2 
204.2 

lSS_s 
188.0 
186.7 
185.5 

186.5 
lS4.2 
181.3 
179.5 

182.7 
178.8 
175.6 

174.0 



Hexjme 243.2 221.9 2053 
Hem= 244.8 222.8 194.5 
0-e 247.0 223.5 195.4 187.3 
Nonyne 119.3 127.0 117.8 112.3 248.8 222.4 194.1 185.5 
Decyne 119.3 128.2 118.6 214.2 1129 249.2 222.6 194.1 185.3 282.8 
Undeqme lU3_9 127.5 118.2 114.2 114.0 249.2 222.7 193.6 184.1 181.4 
Dodecyne llX.5 127.7 118.0 113.3 114.1 115.4 249.5 223.8 194.2 183.9 181.3 181.3 

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 intermokcular interac- 
tion with lengtheting of the alkyl chain in the molecule. Lower N 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- uld tra-Zhexenes and trans-3-heptene 
on SQ, which were explained in terms of their capability to form cyclic arrangements 
by intramotecular orbital interactions’. The negative Mvalues of I-alkynes on qualane 
are nearly independent of the chain length, varying from - 16.1 to - 15.6 for the 
C&Z= series at I IO”. In the group of E-alkynes on PEG, the C-C, compounds have 
lower H values (227-231 i.u.) than the higher homologues (233 i.u.). 

6 7 6 9 10 ?I 12 13 14 6 

Fig. 11 Dependence of N smm increments on the number of carbon afoms in a molecule (n) 
for homoIogous series of n-aikynes at L 10”. A, squalane; B, polyphenyl ether; C, polyethyfene gIyml 
MOO_ The nlrmbss 011 the l&s idicate ffie positions of the triple bonds. 



The H increments for internal n-&kyges w&h identitimf chain lengths d&ease 
-as the triple bond shifts towards the centre of the mokcixle, being gre&est for 2- 
aikynes (except that on squaiane 5-decyne &as a higher incremeiit value thao 4 
deJ=y=I* 

As can be seen froni Table LI, at a given temperature the .&Z values depend 
appreciably on the position of the triple bond in the molecule and tee polarity of the 
liquid phase. The number of carbon atoms in the molecule has only’s slight effect OQ 
the AI valzres. 

I PEG-S 

Position of triple bound 

Fig. 2. Dependence of AZ structural increments of C&2,, n-2lkynes on the position of the triple 
bond in the moleale at 110”. 

The I~:OC_-~ values decrease in agreement with the shift of the tripkbond to- 
wards the centre of molecule (up to the fifth carbon atom) owing to the increase in the 
shielding efizct with lengthening of the n-&y1 chain from C, to C, on the dipole- 
dipole interaction between n-akynes and the polar liquid phase. The highest IT,G-sQ 
vaiues among positional isomers with identical chain lengths are found for I-alkynes 
(Fig. 2) .This result can be explained in terms of the formation of hydrogen bonds 
‘between I-akynes and PEG mokcules, owing to the presence of the aCidic hydrogen 
atom at the highly electronegative first carbon atom in Z-alkynes and the photon- 
accepting oxygen atoms in the Iiquid phase. The largest decrease in the q:,G-TQ vah~es 
is observed with the shift of thk triple bond from the first to the second and third 
carbon atoms. With further shift of triple bond toxyards- the centre of a molecule the 
changes in IE-sQ al v ues are smaller, and remain neady constant for compounds 
with the triple bond in the S-position arid rrkr to the cenee of the molecule. The 
$FF--” %Gx.h?e.s zzz5-e ab4x& twkz &KxsC% C3f J&_$-W $Tabk 2)- 



I-Al&l.S -IS.&- 15.9 E02.%103.5 2322-233.9 248X-249.5 118.5-l 19.3 
ZAikynes 39% 40.8 1677.5-169.0 262.8-263.6 2224-223-S 127.~128.2 
3-Alkynes 11.4- 117 129.4-132.5 & 205.6-208.8 193x5-194.2 117%11Sd 
4-Azkynes 3.3 9.7 116.6-122.0 181.2-195.2 183.9-185.5 112.%114.2 
s-Alkynes l-7- 8.0 1 lS.S-120.9 ~s3&190.s 181.3-182.8 112.9-114.1 
6-Dodeqme 0.3 115.7 181.6 151.3 115.4 

l-Al&ES -4_3--4.8 104.7-104.8 232.2-232.5 236.5-237.3 109.1-109.5 
2-Afkynes SOS- 50.7 170.3-170.5 265.2-265.5 214.6-215.0 119.6--lm.o 
3-Alkynes 14% 16.4 129.t-130.1 m.2-205.3 lSS.9-189.3 113Xx14.2 
4-Akylles 6.9- 8.6 116%119.0 185.5-188.0 178.6--179.6 109.6-110.4 
5-mynes 3% 7.4 114_U--? 17.6 179.~lS4.2 175.6-176.8 110.0-l 10.2 
6-AJ.kynes Ll- 6.0 L12.3-117.0 175.6-182.7 174-S-176.7 111.0-112.6 
7-Tetradecyne 0.2 111.2 174.0 173-S 111.0 

identical chain lengths decrease with the shift of the triple bond towards the centre 
of a molecule (except for n-dodecynes the increase in ZpEmsQ with the shift of the 
triple bond from position 4 to 6 Is found). The highest Z~~~-so values are observed 
for 2-alkynes, whereas I- and Nlkynes have close (lower) values of ZPFEeSQ. 

In Tables IT1 and IV the characteristic H aud df vaiues for c9-& n-alkynes 
at 110” and C,,-C,, n-alkynes at 15Q”, respectively, are given. 

From these results it is evident that the H and df increments for n-alkynes are 
characteristic of these compounds. They differ markedly from those of n-aIkenesL*5~7 
(except that the H values of L-alkynes and I-alkenes are nearly identical 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 Z 
when predicting retention indices on the basis of molecular structure. 

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

REFERENCES 

1 G. Schomburg, J. Chmmmgr., 23 (1966) 1. 
2 G. Schonbur& J. Chrum~ragr., 23 (1966) 18. 
3 L. S. Et&e, ~fWQ~tZfOgraptik7, 5 (1974) 39. 
4 6: Schombwg, Chrumdographi~, 4 (1971) 286. 
5 L. Sojt%c, I. JSkGZk, P. Majer and J. J.m%, AmL Cizem., 45 (1973) 293. 
6 S. Ran& K- Kmingas, A. Orzv and 0. Eisen, J. Chromafogr., 119 (1976) 451. 
7 0. E&cm, A Orav znd S. Rang, Chromatographia, 5 (1972) 229. 
s S. Rang, K. Krmlngas, A. &IV and 0. E&en, J_ CZ~~matogr., 128 (1976) 53. 


