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SUMMARY 

The retention indices of biphen_vl and all isomeric methyl-. ethyl-? isopropyl- 
and dimethylbiphenyls and those of several diisopropylbiphenyls_ diphenylalkanes 
and stilbenes \vere measured on three capillary columns with Apiezon L. polyphenyl 
ether and SP 1000 ar remperarures of 170, IS5 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 (I) ofpolysubstituted homologues to be estimated is proposed_ The relationship 
between the position of a substituent and the H’-factor. compound structure and -II 
value is discussed_ A plot of the dependence of I on a non-polar phase showed the 
consistency of the chromatographic data and served for the estimation of the I values 
of several biphenyl homologues. 

_-___- ._ ~_ . . . 

1NTRODUCTION 

Studies of the chromatographic behaviour of biphenyl-type hydrocarbons 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 rins around a connecting bond, and the 
substilmion of an alkyl group on the biphenyl molecule affects the mutual positions 
of the t\vo rinss. The sterically semitive positions 2-* 6, I’- and 6’- are especially in- 
teresting in this respect_ In gas-liquid chromatography (GLC). the substitution of a 
methyl group on these positions causes only a minor change in the retention time’-‘. 
The increment per methyl group in a merrr-position is comparable lvith the increment 
per carbon afom in the case of n-paraffins. For Ixrr-rr-substitutioc, the figure is higher. 
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The analysis of biphenyls is of particular interest when they are identified in 
various hydrocarbon mistures such as petroleum fractions. tars and petrochemical 
residues and intermediates”-“‘. In such materials they are usually accompanied by 
h~x!roc;lrbons of other types, Lvhich must be removed to some extent before GLC. 

In this paper_ the relationship between the structures and elution data of bi- 
phenyl. three isomeric methS’lbiphcn?lls, three ethylbiphenyls_ three isopropylbiphe- 
nyls. all t\\-elvr dimethvlbiphen_vls, diphenylmethane_ three ~~~eth_vldipl~en_vl~~~cthanes, 
two diphcnylethtu~es and some stilbenes are considered. 

ESPEKlMENT_AL 

Clqmatographic data Lucre measured on three capillary columns with different 
polarities for aromatic h_vdrocarbons_ expressed by nwans of McReynolds constants’l. 
The stationary phtlse had to be resistant to operatin, ~1 tcnipcrat ures of 170-200 -_ and 
possibly even higher. As the phase of lowest polarity. Apiezon L \V;LS chost~ ( McRey- 

nolds constant measured for benzene. _Y’ -:= 32: masiniuni tenipertitur2_ 250. ). the 

phase of medium polarity was polyphcnyl ether (5 rings) (S’ := 176: masimurn teni- 
perature. 200’) and the most polar phase wxs SF’ 1000 (X’ =; 332 I masinium teni- 
perzt ure_ 275’ j”. 

The standard Chrom 3 - apparatus (Laboratorni Piistrojc_ PrrlgLw_ Czecho- 
slovakia) \i-ith flame-ionization detection \~a used_ \vith nitrogen as the carrier gas. 
All analyses \vere carried out isothsrnxdly on stainless-steel capilktry columns_ Icngth 
50 nl_ I-D_ 0.25 min_ A I+1 Hamilton syringe was used for injection. 

The operatins conditions for the colunm \vith Apiezon L (Metropolitan- 
Wckers_ Grezt Britain) \vere ;ts folio\\-s: ten~per:tture_ 170‘ and nitrogen flow-rate 
O-41 rnI;min: IS5 and nitrogen fio\v-rate03 ml~‘minr and 200 :td nitrogen flwv-rate 
O-25 ml’minr the column efficiency \V;IS 55 000 theoretical plates. The operating con- 
ditions for the column \vith polyphenyl ether (5 ring) (Consol. VX_ CO.) \\‘Crt‘ its 
follows 1 teniperaturc I70 :rnd nitrogen tfow-rate 0.35 ml.~minz IS5 and nitwsen 
flwv-rate O-33 n$minr and 200. and nitrogen !lo\\--rate 0.25 ml/min: the column 
cfEciency was 75 000 theoretical plates. The operating conditions for the column witli 
SP 1000 (Supelco_ Bellefontc_ Pa._ U.S.A.) were as follows: tenipcrarure 170~ and 
nitrogen Ilow-rare 0.3 1 ml~min: and 185 and nitrogen flo\x--rate 0.34 n$~minr the 
column cikiency wts 70 000 theoretical phres. 

Most of the hydrocarbons of the biphenyl and diphen_c-ImethtInc series were 
prepared in our lahoratory*x-*~~_ I .2-Diphenulethane NXS prepared by the hydrogc- 
mtion of rrwm-stilbcnc. The stilbenes were of commercial origin, ri:._ rmm-stilbenc 
( Lachcmtl, Brno, Czec!ioslo\*akizt)_ c-ix-stilbene (K 6 K Labs.. Plainvie\v. N-Y__ U-S-A_) 
and ~w!ierh~lstilbenc (Koch-Light. CoInbrook. Great Britrtfn). 

In order to mc:mwe the retention indices_ seven mixtures of standards \vcrc 
prepared so as to have the individual components ~41 separated chromsto~raphic:t~ll~ 
on a!1 phases and at a11 temperatures_ Iz-ParaBins \vith retention times corresponding 
to the given mixture and coluum used \vere added to the misturcs. The Kov;its reten- 



T-ABLE 1 

RETENTION :NDtCES 

Biphcnyt 
2-hlethytbiphcn_\-I 
3-hlcth~tbiphen\-I 
I-hlethythiphenyl 
I.j-Dimcth~thiphelIvl 
~.-l-Diineth_vtbiph~il_vt 
‘_~-Dimcth~ibiphci~t 
~.6-Dimeth~lbiphrli~t 
2.-t-Dinierh_vtbiphen~t 
2.~-Dimcrh~-lhiphenvl 
2.’ ‘-Dimeth_\-lbiphcrl~l 
l.j--Ditilerh~thiph~n~t 
I.l’-Dimrth\-lbiph~n~t 
2.3’-Dim~rh~lbiphcli~t 
2,1’-Dimclh~tbiphcIl?rl 
-t=t’-Dimrrh~lbiphcn_vl 
2-Ethylbiphenyl 
3-Ethylbiphenxt 
-I-Erhytbiphenyl 
‘tsopr~~p-tbiphrn_t 
3-tsoprop_vtbiphrr~~t 
I-Isoprop~lhiphen~! 
3.5Diisopropylbiphcn~t 
3.1.-Diisnprc~p~Ibiph~n~t 
i.l’-Diisopr~~p\-lbiph~ti~t 
-t-J’-Diisopr~~p~lbiph~n~l 
Diphenytmethane 
~-Mcthvtdiphrn~lmrth~nc 
?-M~th~tciiph~n~l~~~~~~~~~~~ 
1-~leth_vtdiphen\-IIlirlhanc 
t.t-Diphcn_vlcthane 
1_2-Diph~u~lrthanc 
IA-Dipheli~lbutari~ 
truw-Stitbcne 
c-li--Stitbenr 
rc-hlrthylstilbcnc 

BP 
2- hl BP 
3-MBP 
I-MBP 
I_2-t~S1BP 
‘_-I-DMBP 
25DMBP 
2.6DMBP 
2.-l-DhlBP 
3.5DXI BP 

I.I=DXlBP 
2.3.-DMBP 
:_A--DXlBP 
3.5’-DXlBt’ 
.X-l’-DXIBP 
-L-t’-DMBP 
I-EBP 
3-EBP 
I-EBP 
I-IPBP 
2-IPBP 
4-I PBP 
3.5DIPBP 
3.3’-DIPBP 
3.-l’-DIPBP 
-I-J-DIPBP 
DPM 
2-XlDPXl 
.:-hlDPk.1 
I-MDPM 
t-t-DPE 
t_‘DPE 
I_&DPBu 
r-ST 
c-ST 
.c-XlST 
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tion indices were calculuted from the results of three measurements corrected for the 
coIumn 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 polyphenyi ether columns and within a range ofthree units for the SP 1000 col~~mn. 

RESULTS AND DISCUSSION 

The retention indices nlcasured arc sl~~w~ in Table 1. It is clmr that the rett’n- 
tion indices of biphenyls are predominantly influenced by the position of substitution_ 
whiic the influence of the size of the substitucnts is secondary_ The tirst compounds 
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to be eluted are the ort/ro-substituted biphenyls. followed by the Irrrrtr-substituted and 
fina!Iy theprrrcr-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 oAo-position. the longest elution time is that 
of 23dimethvlbiphenyl. Of the i?rerct- and pwwsubstituted derivatives, 3.4dimethyl- 
biphenyf is eiuted last_ The number of biphenyl homologues &ted 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’- 
dimethylbiphenpl and 2.6-dimethylbiphenyl are also eluted before biphenyl. and on 
SP 1000, 2-ethylbiphenyl. 2-isopropylbiphenyl and X3’-dimethylbiphenyl are further 
eluted before biphenyl. 

t 2300. 
: 
: 

METHYL- ETHYL- ’ ISllPROPYi- 

4.4= /I ,43$ 

1700 
0 1 2 0 I 2 0 1 2 

tX:%iER OF SUJSiiTUENTS - 

An interestins relationship follo\vs 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 1Jze111- and pfunr-substituted biphenyk \vhich can be 
e.xpressed in senerd terms by the t-ollowing equation: 

4, = k-p f ztw 

where 

(1) 

Gr = retention index of mono-substituted biphenyk in position 3 or Lf and 
of biphenyk substituted on both rings in posttions 3-3’ or 4.4’; 

Ini* = 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 
I>lercz- and prrrtr-substituted biphenyfs if the retention index of biphenyf and of its 
mono-substituted derivative is known. In this case the equation is transformed into: 

I.\-, = 2 (I\_, - 11x1*) t fl%P = 2 4, - IlW (2) 

where 4, and 1~~ are the retention indices of mono- or disubstiruted biphenyfs, 
respectively. The mean deviation of the retention indes measured from the value caf- 
culated is 2 for dimethylbiphenyls and 6 for diisopropylbiphenyls. for all columns 
and temperatures. 

3.4’-Disubstituted biphenyfs are efuted approsimately mid-way between the 
homologues substituted in positions 3,3’- and c1,4’- and for a siven column, this posi- 
tion is a function of the temperature. When a column with polyphenyl ether was 
operated at ZOO:, the difference betlveen the retention indices for the pairs 4-methyf- 
biphenyf-3-meth_vlbiphenyf and 4,4’-dimethyfbipf~enyf-X4’-dimethyfbiphenyf was the 
same. and the straight fine passin E through points 3-MBP and 3_4’-DMBP is thus 
parallel to the line connectin g 4-MNP and 4_4’-DMBP (Fig_ I). The retention indes 
of the 3.4’-disubstituted derivative can then be espressed anal_vticalfy by the equation 

I:*.,- = I,_,- - (1, - 6%) (3) 

:md applying e qn. 2 adjusted for calculating I,_ I- disubstituted: 

I,_.,- = z I, - Irlr. (2a) 

eqn. 3 is transformed into 

I:<_,- = Ia + I:( - Iru. (4) 

Eqn. 3 also contains eqn. 2 and can be used to estimate the retention indices of 
3.4’-disubstituted biphen_vls_ The average deviation of the actuafl~ measured retention 
index from the calculated value over all columns and temperatures for 3.4’-dimethyl- 
biphentf is 2. The average deviation of the cafculation of the retention indes of3.4’- 
diisopropylbiphenyl at two temperatures on a column of poiyphenyl ether is 3.X 
Eqn. 4 can also be used for the estimation of the retention indices of multi-substituted 
biphenyfs or of biphen_vfs with different substituents accordin? IO the expression 

la5 = Irr -r 1s - /1:p 

where 111. Is and Iits at-e retention indices of biphenyls with ZI 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 rins, respectivefy- 

I’m-irrtion of- the rcteittioit idex with tet~tpemtui-e 

The changes in retention indices with temperature are shown in Table If for 
the hydrocarbons studied on all three stationary phases_ The values denoted by 
nIllO’ characterize the increase in the retention indes with a IO’ increase in temper- 
ature. The N/IO’ values increase with increasing selectivity of the stationary phase: 
the increment I for biphenyl on Apiczon L is 9.7 and on polyphenyl ether 10.5; the 
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VXRI_ATION OF RETENTION INDEX WITH TEMPERATURE 

Biphenx! 
Z-hQthylbiphen~1 
3-Methylbiphenyl 
tMrthy!biph~nyl 
1.3~Dimethy!biphenvi 
2_&Dimeth_vIbiphen_vi 
1.5-Dimcrh~tbiphen~I 
~.6-Dintrrhvlbiphen~l 
3_-LDimeth~IbiphenyI 
3.5Dimerh+iphen~i 
2-l’-Dimeth~Ibiphrn?rl 
~_3’Dimrrh_vIbiphcn\-! 
~=t’-Dimerh~lbiphrn~l 
3_3*-Dimcrhylbiphcxq I 
j_~-Dime~~~~lbiphcn_\-1 
-IA’-Dimethxlbiphenyt 
2-Erhylbiphenx! 
3-Eth~ibiphmyl 
?-Erh_vIbiph~n$ 
I-Isopropylbiphen!l 
Xsoprop\-ibiphm_vl 
-!-Isoprop_vlbiphen~I 
3.5-Diisnprnp~Ibiphen~I 
~.~‘-Diisoprop_vlbiphsn_vi 
j.~-Diisoprop?-lbiphen?_l 
~.l-Diisoprop~lbiFhcn?;t 
Diphen~hncthane 
‘-~lcthvldiphsnulme~~ne 
3-~~eth~Idiphen)lmetI~I~e 
-T-Meth~lIdiphen~ln?ethrtnc 
I-I-Diphenylethane 
I.?Diphen_\-lethanc 
I_&Diphen~lbutanr 
rruttx-Srilbsne 
c-kSti!bme 
tr-Merhylsrilbene 

9.7 
s-7 
S.7 
9-7 
s.7 
s-0 
7.2 
x0 

10.0 
s.7 
s-3 
73 
z-i.0 
9.0 
9.0 
9-j 
S-3 
s-7 

103 
S.0 
9.0 

I 0.0 

S-7 
I o._: 
S-7 
9.7 
5.7 
10.0 
i Q_tI 
12-7 
10.0 
10.7 

10.7 
s-7 

IO_? 
113 
ilk_3 
9-7 
S.7 
9.3 

11.7 
10.0 
9-7 
‘Z-7 

IO_3 
! I .o 
il.7 
I2’.0 
93 

IO.7 
11.7 
S-3 

IO.0 
I I .o 
7.3 
s-7 

10.7 
10.7 
9.7 

I 1 .o 
93 

10.7 
93 

11.7 
1 I _o 
12.7 
Il.5 
11.0 

3)s~ 
29.3 

16.7 
17.3 
7s_o 
30.0 
x-7 

!+hest increment of32.7 occurs on the SP 1000 column. The variation in I \vith tan- = 
perature is influenced primarily by the type and position of substitution_ the i!:- 

iiuence of the number of substituents being secondary. For sterically hindered bi- 
phenyls substituted on positions 2 :tud 6. the increment is louver although the order 
of minimtim 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 I on SP 1000 is 
show? bx biphenyk on polyphenyl ether by 3.y - a’ dimethylbiphenyl and on Apiezon L 
by l-methyldiphenylmethane. The highest increments are in general shown b_v pen-(I- 
mbstituted biphenxls and stilbenes. In individu:II cases, operation at different tem- 
peratures can be used in order to separate certain pairs in sma!l groups. For esampk 
twz pairs eluted together at 185 ‘- ie. 3,&-dimethylbiphenyi-4-et!lylbiphen)’~ and j- 
meth~fbiphen\;l-~-met~t~lr!iphe~~~i~~~et~~~~~e_ on a column of SP 1000. show a diff-er- 
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ewe of 4 and 8 I units, respectively, at 170’_ TIE three methyidiphen_vlmtthanes are 
well separated on a polyphenyf ether column at 200’- By reducin_o the temperature. 
the difkence in /between Z-methyldiphenylmethane and j-meth_vldipf~enylmetf~anc is 
decreased to such an estent that at 170’ the two compounds are elutcd togethei_ in 

general. however. the variations in the retention indes increments \vith temperature 
arc not sufficiently geat for the individual hydrocarbons of the biphenyl and rii- 
phenylmethane series to be of help in their resolution_ For hydrocarbons \vith i-on- 
densed rings_ higher nf/lO variations were f-ound than in the case of aromatic com- 
pounds with isolated rings, in’.. biphenyls and diphtn_vlalkanes. This result. which 
becomes more marked on ;I column with hi&r polarity. could be of more substantia: 

use in the analysis of both types of compounds. 

Rek~tiodrip hem-etw rlre srrhsrirrrcwr psirion rmrl I/W H ‘~f~c~:rm- 
The Wfactor is defined as the difk-mce between the retention index of the 

biphenyf and the I value of an n-paraftin \vith the same number of carbon atoms. 
If we relate the H-factor to bipbenyl. RX can write II’ *:I’ = 0 and obtain the espression 

II’ -= I/ - MuI> .== /1%1’1-_) - 100 z - If*ty 
=-: Iltr(:, - I1:1* - 100 (1 - 12) (5) 

kvhere = is the number of carbon atoms in the molecule_ The II’-!&tor express& the 
change in the retention index of the investigated hydrocarbons brought about by 

the introduction of an alkyl group into the bipfienyf configuration. 
The values calculated from eqn. 5 range from -+I3 to -270 and arc Iistcd in 

Table 111 in descending order_ The HI-tktor decreases to such an extent that the 
biphenyl-stationary phase interaction is weakened in the case of rterically hindered 
cll.f/ro-sLlbstitLited bipflenyls. Homologues \vith most limited rotation of the rings 
around tficir connectin g bond. resulting from the introduction of either t\vo small 
alkyi groups or one large alkyl group. fwvc the lolvest values. Relatively smaller 
changes in the H’-ikctor in the negative sense are caused by the transition from ;I 
purely aromatic system to an illiphatic-tlromatic s_\‘stcm by an increase in the number 
ofalkyl groups or their size. We can a~~umc that thr afkyl groups located in IIZ,C~U- 

positions in particular help to reduce the H’-tixtor in this manner. Only methyl- 
biphenyls and dimetfi_vlbiphenyls substituted in prmr-position have positive values. 
The highest II’-titctor occurs with the or-r/lo-s~lbstituted 3,LCderivativc. An increase 

in the size of tfic afkyf group has a negative iniluence on tfir M’-fkror in the case of 
prmr-substituted derivatives also. In the series 4-methyl-, 4-ethyl- and 4-isopropyl-, 
its values move from positive through zero to ncg: ltive. For the hydrocarbons studied. 
a linear dependence of the Il’Jactor on the number of substituents occurs. ;IS sho\vn 
in Fig. 2. The H’-values tbr diethylbiphcnsIs \verc calculated on the basis 01‘ retention 
indices assessed with tflr help of eqn_ 2_ 

Dq~~z~lmt-~~ of’. f / OII ~~~IJ~~~IIIIL~ strM-IZIW 

The quantity .:I/ is defined 3s the difference between the retention indices of a 

substance on a polar and a non-polar phase, or on phases with dili‘erent sefectivities 
with respect to the eluted substance_ 

When threecolumns are used. three combinations of the di%xencr in retention 
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TABLE III 

DEPENDENCE OF H.-FACTOR ON SUBSTITUTION 

Results obtained on polyphenyl ether at lS5’. 

-._ 
3.4-Dlmcth~ldiphcnyl 
-tAI-Dimerh_vlbiphen~l 
-t-Methylbiphenyl 
XX-Dimtth~IbiphenyI 
-I-Ethl;IbiphenyI 
Biphrnyl 
%Methylbiphenyl 
3.5DimethyIbiphen)i 
3.3’-Dimethylbiphenpl 
G-Q&vIbiphenyl 
I-lso&opylbiphenyI 
2.3-Dimethylbiphenyl 
1.~-Diisopropvlbiphsn~l 
3-k.oprop_\-lbiphenyl 
2.~.-Dim~th~lbiphsn~i 
2=+DimethyIbiphen_vI 
Z-hlethyIbipheny1 
2.5Dimrthylbiphcnyl 
Z!!,3’-Dimrth~lbiphm\-l 
I-Ethvlbiphenyl 
?,3.-Lkopropylbiphenyl 
1.6Dimcthgtbiphenyl 
Z.l’-Dimeth~ibiphcn\l 
I-Isoprop_vlbiphenyl _ 

- kkkrf-substitution_ 

H’ 

43 

14 

5 
3 
0 
0 

-7 
-7 
-9 

.._ 27 

-51 
. . . 91 

-96 
-96 

m-119 
-- I19 
-- I75 

-131 
- 139 
-- 176 

-w -- 
--21-l 
._. 234 
.- 169 

t 
;2 
2 -40 
L 4g-OMSP 
= 0 3.4~OEaP 

x3-0MaP 

3.3’4ERP 

- 100 4.r-olPeP 

t:Ut4EEt? OF SUBSTITUEt:TS -b 

Fig_ 1. Drpentienee of H’-frtctor on number of substituents for pol_vphenyl ether cohm~ns. 
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indices are possible at each temperature. At the same time. the values obtained by 
measuring Al for biphenyl at 185” are approsimateiy double the difference in the 
McReynolds constants (X’) for benzene on the individual phasesL1. Thus, for the pair 
SP lOOO-polyphenyl ether, the values are X’ = 156 and Jlbiphcnr.l = 359. For the 
pair polyphenyl ether-Apiezon L, X’ = I44 and -~fIbi~hcn~~ = 260. The largest differ- 
ence in retention indices is encountered on columns with the largest difference in 
polarity. i.e., SP IOOO-Apiezon, where X’ = 300 and -Ilhiphrnyl = 619.. 

Table 1V lists the ~11 values calculated for all three cases at IW. The order of 
the individual components accordin, e to the decreasing values i IPI loot)-~~l’* and 
.mlIsl’ luc’O-*‘l’i is similar to the order for t-l’-tkctors. The ol-rho-substituted derivatives 
are the lowest, followed by the meta-substituted and finally Ehepcrrcr-substituted deriv- 
atives. The ;I1 value is also reduced with increasing size of the alkyl group. In the 
case of the _ II”l’lC-““l values, a relative increase in the ..If values for mera-substituted 
hydrocarbons was found. The usual order or-1110 c ilzefa < /W/W alters for methyl 
derivatives into or-I/ZO < pafrr -: tmv~. which is also iIILlStrated in reverse order for 

TABLE IV 

.I1 VXLLIES 

SP Innn-_-l PI L 

2,2’-DMBP 
ZIPBP 
2,B-DMBP 
‘EBP 
2,3’-DMBP 
7.T-DMBP 
Z-l-DMBP 
I.-I’-DMBP 
2-M BP 
2.3-DMBP 
3-IPBP 
i.I-DPE 
-I-IFBP 
I-XIDPM 
.s-hll>PM 
I.?-DPE 
‘MDPM 
i.-?--DhlHP 

3,3’-DM13I’ 
-I.-&‘-DMBP 
3.5DMBP 000 
3-EBP 601 
DPM 60-l 

-LEBP 607 
3-M BP 61 I 

It-hlBP 61’ 
BP 619 
3_.&DRlBP 617 
c--ST 635 

u-MST 6S6 
r-ST 763 

SP InIm-PPE PPE-:I PI L 

II 

I.?‘-DMBP 
I-IPBP 
2_6-DMBP 
I-EBP 
2,3-DMBP 
I.5DMBP 

‘.I-DMBP 
‘.-I’-DMBP 
2-MBP 
2.3-DMBF 
I-l-DPE 
3-IPBP 
3-XIDPM 
&hlDPM 
LMDPM 
I .1-DPE 
-l-IPBP 
DPXI 

3.5DMBP 
3-EBP 
3.3’-DMBP 
3.-l--DMBP 
-I.-l--DMBP 
-I-EBP 
3-MBP 
-l-M BP 
c-s-r 
BP 
3.-l’-DklBP 
cc-MST 
r-ST 

2’65 I,?‘-DMBP 
265 ?-IPBP 
775 2.6-DMBP 
290 2-EBP 
29-l I5DhlBP 
29s 1_4-DMBP 
3UU 1.3.-DMBP 
300 I.-I-DMBP 
306 7-MBP 
310 3-1PBP 
316 -I.-t--DMBP 
; z 1 2.3-DhlBP 
32 1 3.-k--DMBP 
326 Gvl BP 
3-n) 3.3’-DMBP 
330 J-IPBP 
332 3-M BF 
336 3-EBP 
3-w -I-EBF 
3-t? BP 
3-x 3.5DMBF 
345 -?-MDPM 

3-w I .Z-DPE 
3-w 3,+DRlBP 
355 XvlDPM 
35s DPM 
3% l.I-DPE 
259 3-MDPM 
362 c-ST 
393 w-MST 
439 r-ST 
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thcdimcthyi-substituted compounds4,4’-DMBP < 3-C-DMBP < 3_3’-DMBP. In this 
series. diphenytalkanes have the highest. IZL’t’l-‘-~~t’t values. whereas in the remaining 

two cases they ranged approsimtlteiy in the centre of the alkylbiphenyl series. Of the 
whole scrics of invcsti~ated substances_ stilbenes have the hi&est difference in reten- 
tion indices on two phases_ 

By plotting the retention indices on two diGrent phases. a diagram is obtained 
that cnrtblcs. in some instances, minute details in the coniigttration of the investigated 
substances to be established”‘. In another case it may serve as an estimate of the rc- 
tcntion indices of further members of homologous sericsl; or to charactcrizc indi- 

vidual posirions of subsritutionts_ 

= BIPHEHY: 

2600 2rbo 2200 2300 

ISP 1Iw 4 

Fig. 3_ Plot of rtztention indictx for suhstittttd biphcn~ls on Apkzoti L columns wr.ws SP IWO 
coiumn~r IS5 _ _ hi~rh~lt.iphrn~isr~_~in~~th~l~ip~~~~~l~~ .sxh~lhiph~!~ylsr n . i~~,prop\;lbiphc‘t~~I~_ 

A tnosC interesting rckttionship appears when plotting rhc retention indices 
for the Apiczon L column a,% Gnst the f vttlues on the SP 1000 column (Fig_ 3). The 
pior sho~vs ;I srraighr-line dependence for biphenyls sttbstirutcd with the same alkyl 
“raup_ i-e. tne~hvI_ ct!ivl and isopropyl, and of biphcnvls substituted \vith txvc, of the -_ 
same alkyl group. as in the cast’ of dit~~eth~lbiphen~ls_ Biphenyl_ located bclo~v the 
group ofs;rttight lines. has a unique position. 

The straight Iitws can be espressed an;tlyricall~- by the folln\vin~ general 
equation: 

[A"' ~I~ /; .pl' IUU1 
--- q (f-5) 

where A- is the slope of the straight line and ~1 is the intercept on the Z;\t’t asis. 
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Both constants were calculated for all straight lines with the help of the method 
of least squares together with the correlation factor (I-). indicating the estent to which 
the points measured comply with the equation calculated_ The values are given in 
Table V. 

TABLE V 

PARAMETERS OF RELATlONSHIP f-l”’ ~‘~m~~s I”” 1”“” (ACCORDING TO EQN. 6) 

Biphtt-I.\- sl0pP of rite IlIrcwcyM 01t thr Corrdmiorr 
slru.+r lirrr 12”” ctsis fllcrot- 

Mcth;l- 0.65-U 140.0 0.99961 

Dimrthyl- 0.6571 17-M 0_99S9? 

ErhFl- 0.676 I 1’5.1 0.99965 

Isopropyl- O_iOO’ 101.0 0.9999 I 


