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SUMMARY

The retention indices of biphenyl and all isomeric methyl-; ethyl-. isopropyl-
and dimethylbiphenyls and those of several diisopropylbiphenyls. diphenylalkanes
and stilbenes were measured on three capillary columns with Apiezon L, polyphenyl
cther and SP 1000 at temperatures of 170, 185 and 200°.

The position of substitution has the greatest influence. while the influence of
the size of the substituents is secondary. An equation that enables the retention in-
dices (/) of polysubstituted homologues to be estimated is proposed. The relationship
between the position of a substituent and the H’-tfactor, compound structure and -1/
alue is discussed. A plot of the dependence of 7 on a non-polar phase showed the
consistency of the chromatographic data and served for the estimation of the / values
of several biphenyl homologues. '

INTRODUCTION

; Studies of the chromatographic behaviour of biphenyl-type hvdrocarbons are
concerned with theoretical. analytical and applicational aspects. Biphenyl can also
be considered as a substituted benzene compound. and there are certain analogies in
the behaviour of the two substances. On the other hand. only the biphenyl system
involves the free rotation of two phenyl rings around a connecting-bond, and the
substitution of an alkyl group on the biphenyl molecule affects the mutual positions
of the two rings. The sterically sensitive positions 2-, 6-. 2'- and 6’- are especially in-
teresting in this respect. In gas-liquid chromatography (GLC). the substitution of a
methvl group on these positions causes only a minor change in the retention time!-2.
The increment per methyl group in a mera-position is comparable with the increment
per carbon atom in the case of n-paraffins. For para-substitution. the figure is higher.
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The analysis of biphenyls is of particular interest when they are identified in
various hyvdrocarbon mixtures such as petroleum fractions, tars and petrochemical
residues and intermediates® 1. In such materials they are usually accomipanied by
hydrocarbons of other types. which must be removed to some extent before GLC.

In this paper. the relationship between the structures and elution data of bi-
phenyl. three 1someric methvibiphenyls. three ethylbiphenyls. three isopropylbiphe-
nyls. all twelve dimethylbiphenyls, diphenylmethane. three methyldiphenvimethanes,
two diphenylethanes and some stilbenes are considered.

EXPERIMENTAL

Chromatographic data were measured on three capillary columns with different
polarities for aromatic hvdrocarbons. expressed by means of McReyvnolds constants!!.
The stationary phase had to be resistant to operating temperatures of [70-200°, and
possibly even higher. As the phase of lowest polarity. Apiezon L was chosen (McReyv-
nolds constant measured for benzene. Y’ == 32: maximum temperature. 250°). the
phase of medium polarity was polyphenyl ether (5 rings) (X7 = [76: maximum tem-
perature, 200°) and the most polar phase was SP 1000 (X7 == 332: maximum tem-
perature. 275371,

Appararus

The standard Chrom 2 apparatus (Laboratorni Pristroje. Prague. Czecho-
stovakia) with flame-ionization detection was used. with nitrogen as the carrier gas.
All analyses were carried out 1sothermally on stainless-steel capillary columns. length
S0 m. 1.D. 0.25 mm. A 1-xl Hamilion syringe was used for injection.

The operating conditions for the column with Apiczon L (Metropolitan-
Vickers. Great Britain) were as follows: temperature. 1707 and nitrogen flow-rate
042 mli‘min: 185 and nitrogen flow-rate 0.33 mI/min: sand 200 and nitrogen flow-rate
0.23 ml/min: the column efliciency was 33 000 theoretical plates. The operating con-
ditions for the column with polvphenyl ether (5 ring) (Consol. Vac. Co.) were as
follows: temperature 170 and nitrogen flow-rate 0.38 ml/min: 185 and nitrogen
flow-rate 0.33 mi/min: and 280" and nitrogen flow-rate 0.25 mi/min: the column
efticiency was 75 000 theoretical plates. The operating conditions tor the column with
SP 1000 (Supelco. Bellefonte. Pa.. U.S.A.) were as follows: temperature 1700 and
nitrogen flow-rate 0.31 mifmin: and 185 and nitrogen flow-rate 0.34 ml/min: the
column efliciency was 70 000 theoretical plates.

Most of the hydrocarbons of the biphenyl and diphenylmethane series were
prepared in our laboratory!®-'*. [ 2-Diphenviethane was prepared by the hydroge-
nation of zrans-stilbene. The stilbenes were of commercial origin. vic.. rrans-stilbene
(Lachema, Brno. Czechoslovakia), cis-stilbene (K & K Labs.. Plainview, N.Y__U.S.A))
and «-methylstilbene (Koch-Light, Colnbrook, Great Britain).

Procedure

In order to meuasure the retention indices. seven mixtures of standards were
prepared so as to have the individual components well separated chromatographically
on all phases and at all temperatures. #-Paraffins with retention times corresponding
to the given mixture and column used were added 1o the mixtures. The Kovits reten-
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tion indices were calculated from the results of three measurements corrected for the
column dead volume determined from the retention time of methane. The calculations
were carried out using a Hewlett-Packard 9100 A electronic calculator. The repro-
ducibility of the retention indices varied within a range of one unit for the Apiezon L
and polyphenyl ether columns and within a range of three units for the SP 1000 column.

RESULTS AND DISCUSSION

The retention indices measured arc shown in Table 1. It is clear that the reten-
tion indices of biphenyls are predominantly influenced by the position of substitution,
while the influence of the size of the substituents is secondary. The first compounds -

TABLE 1
RETENTION INDICES
Caompourd ) Svinhol Apiezon L Polypheny! edher SP oo

20001851707 2000 IS5 1707 IS5 170

Biphenyl BP 1475 14539 1246 1737 1719 1705 2078 2029
2-Mecthyibiphenyl 2-MBP 1464 1449 1438 1709 1691 1683 200G - 1960
3-Mcthyvibiphenyl 3-MBP 1571 1536 1345 1833 I812 I8S01 2167 2120
J-Methylbiphenyl 1-MBP IS87 1570 13538 IS45  I824 ISID 2182 2133
2.3-Dimethyibiphenyl 2.3-DMBP 388 1574 1562 IN42 IS27 I8IU 2137 2100
2.3-Dimethylbiphenyl 2.4-DMBP 1569 1556 1545 1813 1800 1781 2100 2062
2.5-Dimethylbiphenyl 2.5-DMBP 1557 1544 1535 1800 1788 1774 2086 2030
2.6-Dimethylbiphenyl 2.6-DMBP 1489 1477 1165 1721 1705 1693 1983 Jusd
3.4-Dimethylbipheny! 33-DMBP . 1713 1697 1683 1981 1962 1946 2321 2279
3.5-Dimethylbiphenyl 3.5-DMBP 1667 1632 1641 1928 1912 898 2232 2211
2.2-Dimethylbiphenyi 2.2-DMBP 1471 14538 -6 1700 16383 1671 193G ivl6
2.3-Dimethylbiphenyl 23-DMBP 13N 1336 1326 1797 1789 1768 2074 2037
2.4’-Dimethylbiphenyl 24-DMBP 15370 1536 1316 INIS  I8SOD 1787 Z1O00 2661
3.3-Dimethylbiphenyl 33-DMBP 1669 1635 1612 1928 191) 1893 2253 2212
3. 4-Dimethylbiphenyi 34-DMBP - 1683 1668 1636 1941 1922 1906 - 2267 2221
4.4-Dimethyibiphenyl 4.4-DMBP 1697 1681 1669 1932 1933 1916 2381 2236
2-Ethylbiphenyl 2-EBP ISI3 1306 1488 1757 1743 1729 2033 1994
3-Ethylbiphenyi 3-EBP 1647 1633 1621 1909 1892 1877 2234 2190
4-Ethyibiphenyl 4-EBP 1678 1661 1647 1938 1920 1903 2268 - 2220
2-Isopropylibiphenyi 2-1PBP [5324 1512 1500 1763 1750 1738 2013 1980
3-1sopropylibiphenyl 3-IPBP 1687 - 1671 1660 1939 1923 909 2243 2204
3-Isopropylbiphenyl 1-1PBP 1730 1713 1700 1986 1968 19353 2300 2253
3,5-Diisopropyibiphenyl 3,3-DIPBP 2077 2066
3,3-Diisopropylbiphenyl - 3.3-DIPBP 2132 2119
3 4-Diisopropylbiphenyl 3.4-DIPBP 2191 2175
1.4 -Diisopropylibiphenyl 1. 4-DIPRP 2239 2223 .
Diphenyimethane DPM 1303 1488 1477 0774 17306 1743 2092 2047
2-Methyldiphenyimethane 2-MDPM 1601 1383 1370 IS68 I8S30 1835 2179 2135
3-Methvidiphenylmethane  3-MDPM 1391 1576 1565 ISA2 1847 1831 2163 2128
d-Methyldiphenylmethane 3-MDPM 1611 1394 15332 I876 1839 1841 2185 2134
1.1-Diphenyilethane 1.1-DPE 1548 1332 1522 I8I8 1800 1799 2116 2074
1.2-Diphenylethane 1.2-DPE 15393 1576 1563 1862 1841 1827 2171 2126
1.4-Diphenylbutane 1.4-DPBu ISI0 1793 1780 2083 2066 2052 2398 23335
trans-Stilbene ST 1803 1784 2109 2088 2071 - 2547
cis-Stilbene ST 1385 1570 1866 1847 1832 2205

ee-MethylIstilbene ««-MST 1776 1760 2071 2053 2038 QM6
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~ to be eluted are the orthio-substituted biphenyls, followed by the mera-substituted and
finally the para-substituted derivatives. As with benzenes substituted in adjacent posi-
tions!>, the elution time of analogous biphenyls is prolonged: in the dimethylbiphenyl
series in which one substituent is in the ortho-position, the longest elution time is that
of 2.3-dimethylbiphenyl. Of the mera- and para-substituted derivatives, 3.4-dimethyl-
biphenvl is eluted last. The number of biphenyl homologues eluted before biphenyl
itself increases with increase in phase selectivity. On the Apiezon L column, only 2-
methylbiphenyl has a shorter elution time than biphenyl on polyphenyl ether. 2,2'-
dimethyvlbiphenyl and 2,6-dimethylbiphenyl are also eluted before biphenyl. and on
SP 1000, 2-ethylbiphenyl. 2-isopropylbiphenyl and 2.3"-dimethylbiphenyl are further
eluted before biphenyl.

2300
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2200 - :MEIHH— | ETHYL-
2100 -
2000
1900 §-

1800 -

1700 : - :
o 1 2 O 1 2 0 1 2

NUMBER CF SUBSTITUENTS —*

Fig. 1. Plot of retention indices verses number of substituents.

An interesting relationship follows from the plot of retention indices as a
function of the number of carbon atoms in the substituent alkyl groups. in the modi-
fied form of a plot of the dependence of retention indices on the number and size of
the substituents (Fig. 1). This plot shows a linear dependence of retention times on
the number of substituents for mera- and para-substituted biphenvis. which can be
expressed in general terms by the following equation:

Iy, = k-p + Inp (1)

where
Iy, = retention index of mono-substituted biphenyls in position 3 or 4 and
of biphenyls substituted on both rings in positions 3.3" or 4.4°;
Iup = retention index of biphenyl:
k == slope of the straight line:
p = number of substituents.
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The equation can be used, for example. to calculate the retention indices of
mera- and para-substituted biphenyls if the retention index of biphenyl and of its
mono-substituted derivative is ‘known. In this case the equation is transformed into:

Iy, =2y, — Ipp) + Ipp = 2 Iy, — Ipr = (2)

where /Iy, and [y, are the retention indices of mono- or disubstituted biphenyls,
respectively. The mean deviation of the rétention index measured from the value cal-
culated is 2 for dimethylbiphenyls and 6 for diisopropylbiphenyls. for all columns
and temperatures. '

3.4'-Disubstituted biphenvls are eluted approximately mid-way between the
homologues substituted in positions 3,3'- and 4,4’- and for a given column, this posi-
tion is a function of the temperature. When a column with polyphenyl ether was
operated at 200°, the difference between the retention indices for the pairs 4-methyl-
biphenvi-3-methyvibiphenvl and 4.4'-dimethyvlbiphenyl-3.4’-dimethyvlbiphenyl was the
same. and the straight line passing through points 3-MBP and 3.4-DMBP is thus
parallel to the line connecting 4-MNP and 4.4-DMBP (Fig. 1). The retention index
of the 3.4'-disubstituted derivative can then be expressed analytically by the equation

Ay =Ly — U — L) ' (3)
and ztppl_\,"ing eqn. 2 adjusted for,caiculzuing I,.;- disubstituted:
[,1,_;' = 2 I.l _ IBP . - . (221)

eqn. 3 is transformed into
I:x.[’ == [4 + I:g — Iup (4)

Eqn. 4 also contains eqn. 2 and can be used to estimate the retention indices of’
3.4-disubstituted biphenyls. The average deviation of the actually measured retention
index from the calculated value over all columns and temperatures tor 3.4’-dimethyl-
biphenyl is 2. The average deviation of the calculation of the retention index of 3.4°-
diisopropylbiphenyl at two temperatures on a column of polvphenyl ether is 3.5.
Eqn. 4 can also be used for the estimation of the retention indices of multi-substituted
biphenyls or of biphenyls with different substituents according to the expression

Ips = In + Is — Inp

where /g, /5 and /s are retention indices of biphenyls with a substituent R in one
ring only. a substituent S in one ring only and a substituent R in one ring and S in the
other ring, respectively.

Variation of I/I(' retention index with temperature

The changes in retention indices with temperature are shown in Table 1t for
the hydrocarbons studied on all three statiocnary phases. The values denoted by
A1/10° characterize the increase in the retention index with a 10° increase in temper-
ature. The 81/10° values increase with increasing selectivity of the stationary phase:
the increment [/ for biphenyl on Apiezon L is 9.7 and on polypheny! ether 10.8: the
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- TABLE Il
VARIATION OF RETENTION INDEX WITH TEMPERATURE
Compound SAPL; [()" PPE; I()? SISE 100, 1)
Bipheny! 9.7 10.7 327
2-Methybiphenyl 8.7 8.7 26.7
3-Methyvibiphenyl 8.7 107 31.3
4-Methyibiphenyl 9.7 I3 320
2 3-Dimethylbiphenyl 87 i0.3 247
2 2-Dimethyibiphenyi 3.0 9.7 247
2.5-Dimethyibiphenyl 7.3 87 240
2,6-Bimethylbiphenyl 8.0, 9.3 233
3.4-Dimethylbizhenyl 0.0 1.7 300
3.5-Dimethyloiphenyl 8.7 10.0 275
2. 2-Dimethylbiphenyl 83 9.7 227
2.3-Dimethyibipheny ! 7.3 97 23,
2 4-Dimethylbiphenyl S0 103 26.0
3.3-Dimcthylbiphenyi 9.0 11.0 28.0
3.4’-Dimethvibiphenyl 9.0 1.7 387
1. 4-Dimethylbiphenyl 9.3 120 30.0
2-Ethylibipheny! 8.3 9.3 26.0
3-Ethyvibiphenyl 8.7 10.7 293
4-Ethyibiphenyl 103 11.7 320
2-Isopropylbiphenyi 3.0 8.3 235
3-Isopropyibipheny! 2.0 10.0 26.7
d-Isopropylbiphenyl 100 1.0 30.0
3.5-Diisopropyibiphenyl . 7.3 -
3.3-Diisopropylbiphenyl - 8.7
3. 4-Diisopropylbiphenyl - 10.7
1,+-Diisopropylibiphenyi - 10.7 -
Diphenyimethane N7 9.7 30.0
2-MethyldiphenyImethane 103 110 293
3-MethyvidiphenyImethane N7 9.3 26.7
3-Meihyvldiphenyimethane 9.7 10.7 27.3
1.I-Diphenylethane ) 93 25.0
1.2-Diphenylethane 10.0 11.7 30.0
I 3-Diphenylbutane 10.0 11.0 287
trans-Stilbene 127 12.7 -
cis-Stilbene 10.0 113
«e-Methylstilbene 10.7 110 -

highest increment of 32.7 occurs on the SP 1000 column. The variation in / with tem-
serature is influenced primarily by the type and position of substitution. the ir-
ficence of the number of substituents being secondary. For sterically hindered bi-
phenyls substituted on positions 2 and 6. the increment is lower although the order
of minimum increments on each of the three phases is not the same. This is valid for
the columns of Apiezon L and SP 1000. The largest increment in [ on SP 1000 is
shown by biphenyl. on polyphenyl ether by 4.4’-dimethylbiphenyl and on Apiezon L
by 2-methyldiphenylmethane. The highest increments are in general shown by para-
substituted biphenyls and stilbenes. In individual cases, operation at different tem-
peratures can be used in order to separate certain pairs in small groups. For example.
two pairs eluted together at 185°, i.e. 3.4’-dimethylbiphenyl-4-ethylbiphenyl and 3-
methyibiphenyl-3-methyldiphenyvimethane. on a column of SP 1000, show a differ-
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ence of 4 and 8 7 units. respectively. at 170°. The three methyldiphenylmethanes are
well separated on a polyphenyl ether column at 200°. By reducing the temperature,
the difference in 7 between 2-methyldiphenylmethane and 3-methyldiphenylmethane is
‘decreased to such an extent that at 170° the two compounds are eluted together. In
general, however, the variations in the retention index increments with temperature
are not sufficiently great for the individual hydrocarbons of the biphenyl and di-
phenylmethane series to be of help in their resolution. For hyvdrocirbons with coni-
densed rings. higher 9//10° variations were found than in the case of aromatic com-
pounds’ with isolated rings, i.e.. biphenyls and diphenylalkanes. This result. which
becomes more marked on a column with higher polarity. could be of more substantial
use in the analysis of both tvpes of compounds.

Relationship between the substituent position and the H'-fuctor

The H-factor is defined as the difference between the retention index ol the
biphenyl and the 7 value of an n-paraffin with the same number of carbon atoms.
If we relate the H-factor to biphenyl. we can write //'pp = 0 and obtain the expression

H = H — Hup == Ippiy — 100z — Hyp
e Il{['(:) -_ [“[' - 100 (: - l.?.) (5)

where = is the number of carbon atoms in the molecule. The H'-factor expresses the
change in the retention index of the investigated hydrocarbons brought about by
the mtroduction of an alkyl group into the biphenyl configuration.
The values calculated from eqn. 5 range from -+43 to —270 and are histed in
Table H1 in descending order. The H'-factor decreases to such an extent that the
biphenyl-stationary phase interaction is weakened in the case of sterically hindered
ortho-substitiited - biphenyls. . Homologues with most limited rotation of the rings
around their connecting bond, resulting from the introduction of either two small
alkyl groups or one largealkyl group. have the lowest values. Relatively smaller
changes 'in the H'-factor in the negative sense- are caused by the transitien from a
purely aromatic system to an aliphatic-aromatic system by an increase in the number
of alkyl groups or their size. We can assume that the alkyl groups located in mera-
positions in particular help to reduce the #H'-factor in this manner. Only methyl-
biphenyls and dimethylbiphenyls substituted in para-position have positive values.
* The highest H'-factor occurs with the orrlio-substituted 3,4-derivative. An increase
in the size of the alkyl group has a negative influence on the #H'-factor in the case of
para-substituted derivatives also. In the series 4-methyl-. 4-ethyvl- and 4-isopropvl-.
its values move from positive through zero to negative. For the hydrocarbons studied.
a linear dependence of the H’-fuctor on the number of substituents occurs. as shown
in Fig. 2. The H -values for diethylbiphenyls were calculated on the basis of retention
indices assessed with the help of eqn. 2.

Dependence of .11 on compound structure

The quantity .1/ is defined as the difference between the retention indices of a
substance on a polar and a non-polar phase, or on phases with different selectivities
with respect to the eluted substance.

When three columns are used. three combinations of the difference in retenticn
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TABLE 11}

DEPENDENCE OF H-FACTOR ON SUBSTITUTION
Resulis obtained on polyphenyl cther at 1857,

Compound H’ Number of Position
aliphatic carbon
atoms
3.4-Dimethylbiphenyl 43 2 m.p”
1.4°-Dimethyvibiphenyl 14 2 p.p
4-Methyvlbiphenyl 5 1 Y4
3. 4-Dimethyvibiphenyi 3 2 m.p’
4-Fthyibiphenyi 0 2 p
Biphenyl ] 0 —
3-Methylbiphenyl —7 1 n
3.5-Dimethylbiphenyl —7 2 man
3.3-Dimethylbiphenyl —9 2 mm
a-Fabvlbiphenyl 27 2 m
4-Isopropylbiphenyl —-351 3 P
2.3-Dimethylbiphenyl —92 2 o’
4.4-Diisopropyibiphenyi - 96 6 p.n
3-Isopropyibiphenyl —96 3 m
2.4 -Dimethvibiphenyl -119 2 o.p
2 -Dimethvibiphenyl - -11{9 2 o.p
2-Methyibiphenyl —~123 [ o
2.5-Dimethylbiphenyl — 131 2 om
2.3-Dimethyibiphenyl —139 2 o
2-Ethyibiphenyl ~176 2 0
2,3’ -Diisopropyibiphenyl —200 6 man’
2 6-Dimethylbiphenyl --214 2 0.0
2.2-Dimethyibiphenyl 234 2 oo
2-Isopropylbiphenyl -~ 269 3 )
" Vicinal-substitution.
t
£ .40
s A-£8P 4-MRP_3-MEP 44'-DMBP
= 0 ¢ : 44-DEBP
31.7-omap
b3.3-0EBP
-100 S 2 £-0IPEP
-200
b 2.7-0MBP
-300 { TCMPERATURE 135°C

o 1 2
NUMBER OF SUBSTITUENTS ~>

Fig_ 2. Dependence of H'-factor on number of substituents for polyphenyl ether columns.



RETENTION INDICES OF BIPHENYLS AND DIPHENYLALKANES : 11

indices are possible at each temperature. At the same time. the values obtained by
measuring -1/ for biphenyl at 185° are approximately double the difference in the
McReynolds constants (X’) for benzene on the individual phases''. Thus, for the pair
SP 1000-polyphenyl ether, the values are X' = 156 and 2Hyiphenst == 339. For the
pair polyphenyl ether—-Apiezon L, X' = [44 and A/ nenyr = 260. The largest differ-
ence in retention indices is encountered on columns with the largest difference in
polarity, i.e., SP 1000-Apiezon. where X' = 300 and 1/, nens == 619.-

Table 1V lists the :1/ values calculated for all three cases at 185°. The order of
the individual components according to the decreasing values 1/75P 1W00-AP1 534
ISP -PPE 4g similar to the order for H'-factors. The orrho-substituted derivatives
are the lowest. followed by the mera-substituted and finally the para-substituted deriv-
atives. The 1/ value ts also reduced with increasing size of the alkyl group. In the
case of the _1/PTE-APL'vylues, a relative increase in the -1/ values for mera-substituted
hydrocarbons was found. The usual order ortho << meta << pura alters for methyl
derivatives into ortho << para << meta, which is also iliustrated in reverse order for

TABLE 1V

I VALUES

SP I1000-API L SP 1000-PPE PPE-APIL
Compound u Compoend Ry Compourd 17
2,2°-DMBP 192 2.2-DMBP 265 2 Y-DMBP 227
2-iPBP 503 2-ipBp 265 2-1PBP © 228
2.6-DMBP 506 2.6-DMBP 278 2.6-DMBP 238
2-EBP 533 2-EBP 290 2-EBP 2313
2,3-DMBP 338 2,3-DMBP 291 2.5-DMBP 244
2.5-DMmBP 542 2,5-DMBP 98 3 4-DMRBP RAS)
24-DMBP 54 24-DMBP 300 2.3°-DMBP 241
24-DMBP 544 24-DMBP Ri 24-DMBP 244
2-MBP 551 2-MBP 306 2-MBP 245
2.3-DMBP 563 2.3-DMBP 310 3-1PBP 252
3-1pBpP 573 1.I-DPE 316 44-DMBP 332
i.I-DPE 383 3-1pPBP 321 2 3-DMBP 253
1-1BPBP 587 3-MDPM 321 34-DMBP 254
1-MDPM 391 4-MDPM 326 4-MBP 254
3-MDPM 592 2.MDPM 329 3.3-DMBP 255
1.2-DPE 395 1.2-DPE 330 4-1PBP 255
2-MDPM 396 1-1PBP 332 3-MBP 356
34-DMBP 399 DPM 336 3-EBP 259
3.3-DMBP 599 3,5-DMBP 340 4-EBP 259
4.4-DMBP 600 3-EBP 342 BP 260
3.5-DMBP 600 3.3-DMBP 3N 3,5-DMBP 260
3-EBP 6L1 34-DMBP 345 +-MDPM -~ 2635
DPM 604 4.4-DMBP 348 1,2-DPE 263
1-EBP 607 J-EBP 348 3 4-DMBP 265
3-MBpP 611 3-MBP 355 2-MDPM 267
1-MBP 612 1-MBP 3358 DPM 268 -
BP 619 ST 358 1.1-DPE 268
34-DMBP 627 BP 339 3-MDPM 271
ST 635 3.:4-DMBP 362 ST 277
«-MST 636 «-MST 393 -MST 293
ST 763 -ST 439 -ST 304
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the dimethyl-substituted compounds 4,4-DMBP < 3. 4'-DMBP < 3.3'-“DMBP. In this
series. diphenvlalkanes have the highest . IJPPE-APL vajyes, whereas in the remaining
two cases they ranged approximately in the centre of the alkylbiphenyl series. Of the
whole series of investigated substances. stilbenes have the highest difference in reten-
tion indices on two phases.

Plot of retention indices on nwo phases

By plotting the retention indices on two different phases. a diagram is obtained
that enables. in some instances. minute details in the configuration of the investigated
substances to be established!®. In another case it may serve as an estimate of the re-
tention indices of further members of homologous series!” or to characterize indi-
vidual positions of substitution!®.

1
% 1700 ®3.4-0MBP
A-IMBP
1600
1500 -
= BIPHENYL

2000 2100 2200 2300
[ST 1000

Fig. 3. Plot of rdétention indices for substituted biphenyls-on Apiezon L column versus SP 1000
columnat 185 . Methyibiphenyis: @.dimethylbiphenyls: - _cthylbiphenyls: . isopropylbiphenyls.

A most interesting relationship appeurs when plotting the retention indices
for the Apiezon L column against the /7 values on the SP 1000 column (Fig. 3). The
plot shows a straight-line dependence tor biphenyls substituted with the same alkyl
group_ Le. methyl. ethyl and isopropyl. and of biphenyls substituted with two of the
same alkyl group, as in the case of dimethylbiphenvls. Biphenvl. located below the
group of siraight lines. has a unique position.

The straight lines can be expressed analyticully by the following general
equation:

[APE oz foo s g (6)

where & 1s the slope of the straight line and ¢ is the intercept on the 7P axis.



RETENTION INDICES OF BIPHENYLS AND DIPHENYLAL KANES 13

Both constants were calculated for all straight lines with the help of the method
of least squares together with the correlation factor (), indicating the extent to which
the points measured comply with the equation calculated. The values are given in

Table V.

TABLE V
PARAMETERS OF RELATIONSHIP /¥t versus [V 1" (ACCORDING TO EQN. 6)
Biphenyls Slope of the Intercepr on the Correlation
straight line 138 gxix Suacror
Methyl- 0.6541 1400 0.99961
Dimethyvi- 0.6572 ) 17435 - 099892
Ethyl- 0.6761 - 1252 0.999635
Isopropyl- 0.7002 101.0 0.99991

The calculated values listed in Table V show that the angles formed by the
straight lines and the axis do not differ by more than 2°. Their distance from the
point indicating biphenyl increases with increasing substitution. The plot clearly in-
dicates that for better separation of the individual components, it is advantageous
to use i polar column or a column with a high Rohrschneider or McReynolds constant

for benzene.

REFERENCES

G. H. Beaven, A. T. James and E. AL Johnson, Nature ¢ Londonj. 179 (1957) 490.

E. A. Johnson, J. Chenr. Soc.. (1957) 4155, ) :

N. G. Adams and D. M. Richardson. Anal. Chem.. 23 (1951) 129

N. G. Adams and D. M. Richardson, Aunal. Chenr., 25 (19533) 1073,

F. J. Kabot and L. S. Etre, Anal. Chem.. 36 (1961) 250.

D. L. Camin. R W. King dand S. D. Shawhan, Anal. Chem., 36 (1964) 1175,

T. C. L. Chang and C. Karr, Jr., Aecal. Chim. Acta. 24 (1961) 3413,

B. J. Mair and T. J. Mayer, Aual. Chenr.. 36 (1964) 351.

F. F. Yew and B. J. Mair, Awal. Chent., 38 (1966) 231, -

10 H. Pichler. W_ Ripperger and G. Schwarz, Erdil Kohle, Erdgas. Petrochem., 23 (1970) 91,
IT W. O. McReynolds, J. Cliromarogr. Sci.. 8 (1970) 685

12 Chromatography Catalog. Supelco. Bellefonte, Pa., 1973,

13 J. K#iz. M. Popl. S. Hila and J. Mostecky. Sci. Pup. Inst. Chem. Techrol.. D29 (1973) 49,
14 3. KFiz. S. Hila, M. Popl and J. Mostecky. Clemr. Prim.. in press.

15 AL T. James., Aual. Chem.. 28 (1936) 1564,

16 J. J. Walraven., A. W, Ladon and A. 1. M. Keulemans, Chromuaragraphia. 1 (1968) 195,
17 S. Hila, J. Evem. J. Burkhard and S. Landa, J. Chromatogr. Sci.. 8 (1970) 203

I8 J. Mostecky. M. Popl and J. K¥iz, Anal. Chem . 42 (1970) 1132,

Do A Y TR PR



