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THEIR INTERPRETATION-VI* 
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Manchester College of Scicncc and Technology 

(Reccitud 18 Alurch 1960) 

Abstract- ,This investigation deals with the effect ofpuru-substituents on the positions obecrvcd in the 
high intensity bands (K-bands.) of ap-polyphcnyl scrics as the length of theconjugated system incrcascs. 
The rcsuks obtained are intcrprctcd in terms of the polarity and polarizability of the absorbing 
system. It is implicit in the discussion that a vmyl, or phcnyl group behaves in the same manner as 
any of the other simple groups discus.&. 

ISTRODUCTION 

TM: cffcct of substitucnts on the position of the absorption bands in the spectra of 
organic compounds is of considerable complexity, since it is dependent upon the 
location of the substituent within the absorbing system. The K-bands are best undcr- 
stood. There is general agreement that qualitatively they are due to transitions involv- 
ing an electronic migration along the axis of the absorbing conjugated system.’ Bura- 
woy and Spinner? have shown that the position of a K-band is determined by two 

factors : 

1. The polarity of the ahsorbbtg system 

Influences such as terminal groups that increase the polarity of the absorbing 
system in the ground state facilitate the electronic migration, stabilize the excited 
state, and displace the K-band to longer wavclcngths. 

2. The polarizahility o/the absorhittg spent 

The more polarizable the electrons of a terminal group are, the greater will be 
the displacement of the K-band to longer wavelengths. 

According to this view the red-shift of the K-bands with the increasing number of 
conjugated linkages has to be attributed to the replacement of terminal C-H bonds 
by the more polarizablc C- C C group. It is known that this effect decreases with 
the increasing length of the absorbing conjugated system. If the terminal C -H group 
is replaced by any other substitucnt, i.c. a methyl group, chlorine atom or nitro group, 

l i’nri V: Trrrahcdron 5. 340 (19.(Y). 
* Present address: BWC Rcscarch kpartmcnt. Thomas Ilcdlcy. City Road, Ncwcas~le upon ‘Cyne. 1. 

1 R. S. Mulhkcn. J. Chum. Phys. 3. 522 (lY35): 7, 14. 21. 121. 339. 357, 395 (193Y); G. X. I.cwts and 
hf. Calvin. Chcm. Rec. 2.5, 30Y (1939J; A. Rurawo~. Dirt. Fort&y Sot. 9, 70 (19W). 

* A. Burrwoy and E. Spinner, 1. Chcm. Sot. 2SS7 (1955). 
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etc. the bathochromic effect should decrease with increasing length of the substituted 

conjugated system. However, in the case of a terminal vinyl or phcnyl group, the first 
factor, i.e. any change of polarity of the absorbing system, is of little or no importance, 
and could be expected to bccomc apparent only in the case of other, more polar 
terminal groups. 

It was, thcrcfore, thought to be of interest to test this view by investigating the 
differing cffcct of such polar terminal groups on the position of the K-band as the 
length of the substituted conjugated system increases. A series of p-substituted 
p-tcrphenyl compounds have been prepared and their spectra in ethanol and hexanc 
determined. The results have been compared with those obtained from the corre- 
sponding benzcnc and diphenyl derivatives. This data can be seen in Table I. 

DlSClJSSlON 

(a) 77~ e@cI uf R rou p s containing mulriple bona3 

The displacement (D) observed on introducing a vinyl or a phenyl group in thcparu 
position of (benzene), diphcnyl, and p-terphenyl decreases in both the (benzene) and 
diphenyl derivatives from 420450 A to 280-300 A and finally to 170 A (asshown by the 
spectrum of p-quatcrphcnyl in hcxane). In contrast the red-shift of the K-band in 

benzaldchydc and inp-phcnyl-benzaldchyde remainsalmost unchanged; thedecreasing 
contribution of the polarirability of the substitucnt is balanced by the enhanced 
polarity (and resultant polarirability) of the second phcnyl group in pphcnyl-benzal- 
dehydc as compared with diphcnyl itself. This interpretation is supported by the fact 
that the latter contribution is smaller in hcxane than in ethanol, since the polarity of 
the molecule is smaller in the less polar solvent. 

N-Methyl-benzaldimidc and p-phenyl-N-methyl-benraldimide show an intermed- 
iate behaviour, since the electron attracting power of the C N---MC group is 
greater than that of a vinyl group. but smaller than that of a carbonyl group. The 
effect of the - C .N Mc group is now smaller in the diphcnyl derivative, but the 
decrease is dctinitcly smaller than that obscrvcd for the vinyl group. 

The behaviour of the powerful clcctron attracting nitro and cyano groups is 
similar to that of the carbonyl group. The displacement of the K-band is greater for 
pnitrodiphcnyl(585A) andpcyanodiphcnyl(215A) than in thccorrcsponding benzene 
derivatives (565 and 205 A). This displaccmcnt falls appreciably in the p-terphcnyl 
derivatives (491 and 136 A), but this decrease is less pronounced than that obscrvcd for 
p-phcnyl substitucnt (447 l 283 + 170 A). This indicates some small contribution 
caused by the induced polarity of the third phcnyl group in the substituted tcrphenyl 
residue, since the polarity of the third phenyl group is to a lesser dcgrcc enhanced than 
that of the less distant second one in the diphcnyl dcrivativc. 

(b) The effect of “auxochromic groups” (-OH. -OMe, -- NH,, - o> 

In hcxanc solution. the mcthoxyl group has a stronger bathochromic effect than a 
hydroxyl group. In ethanol, however, both groups behave similarly. Morton and 
Stubbss wcrc the first to show that this is due to the formation of an external hydrogen 
bond between the hydroxyl group and ethanol, which conclusion has also been con- 
firmed by Burawoy and Chamberlain. ’ On introduction of these substitucnts into the 

’ R. A. Morton and A. 1.. Srubbs. /. Chrm. Sot. WI. 920 (1934); 1347 (1940,. 
’ A. Hurawoy and 1. T. Chamberlain. 1. Chrm. Sot. 2310 (19J2). 
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TABLL I. MAXWA OF K-BANDS IN A 

X Solvent X-Ph 
.- _ --. -. -. 

H,G-CH- 

MC. .N---CH 

0--CH 

0,s 

s :.-< - 

HO- 

20306 

202w 

6600 

2475’ 

19.500 

2467’ 

lY.ooo 

2453’ 

15.000 

2451: 

11,000 

2450’ 

15.000 

2420’ 

15.000 

2445’ 

13.500 

24Op 

1400 

2595’ 

9500 

2513’ 

WOO 

2235: 

13.000 

2222: 

17,ooO 

2IW 

5500 

21lW’ 

5500 

. 445 

. 447 

, 423 

* 431 

. 420 

’ 41s 

. 388 

* 565 

* 4Y3 

. 20s 

: IV2 

* lb0 

* YH 

X-Ph.Ph 
__- 

2475’ 

lY.SOO 

2467’ 

IYOO 

2769 

32,000 

2750 

32.000 

2761 

20.000 

2755 

IYSOO 

2UlS 

2a,OOO 

2752 

2Y.000 

28YS 

23,ooO 

2828 

24,000 

.3ObO 

la,000 

2935 

la.otm 

2bW 
2x.500 

266s 

2l.ooo 

2612’ 
22.500 

2548’ 

2.5.aIO 

D X Ph,Ph.Ph ’ D 
._ 

2769 

32.000 

2750 

32.Oal 

.- 

- 

* 2Y4 - 

. 2x3 2Y20’ 

55.000 

‘. 170 

I 

. 286 

i 2as 

_- 

-. 

. 
-_ 

- 340 

” 285 - 

. 420 

- 361 

1 5x5 

‘. 471 

’ 215 

. lYa 

I37 

. 

32b0 

21.000 

3150 

26.000 

2905 

IY.000 

2865 

25.000 

2aY0 

31.000 

2x10 

I 
! -491 

.t 400 

.i 136 

I 

: IIS 

. al 

: 121 

!60 

_~. -- 
L I.. Doub and J. M. Vandcnbclt. 1. Amer. C’hcm. Ser. 69. 2714 (1947). 
’ A. Burawoy and A. R. Thompson. 1. Chrm. Sot. 4314 (1956) 
’ A. Burawoy and J. P. <Yntchley. Trrruhrdron 5. 340 (1959). 
l A. E. Cidlam and I). H. Hey. J. Chrm. Ser. 364 (1941). 
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TABLE I- continued 

105 

F_._ 

CIH,, 

Cl 
C,H,, 

Rr 

CJI,, 

X Solvent 
.-.- - -- 

EIOH 

MeO 

C,H,, 

r:rOH 

H,N - 

C.H,, 

0 -. 

EIOH 

.t 0.1 :‘, 

NaOEt 

F..tOH 

EIOH 

ElOtl 

I:tOH 

I- 

C’,H,, 

H,C 

C,H,, 

II,h” 

rtroH: 

cow. 
HCI 99:I 

X-Ph 
-. 

2195’ 

7500 

2198’ 

7000 

23404 

8000 

2340’ 

7500 

2374’ 

12.500 

2068’ 

3000 

2w 

3MlO 

2lW 

6100 

2152’ 

9600 

2135’ 

7300 

2160 

7700 

2275’ 

12.000 

2300’ 
11.000 

2065’ 

7ooo 

- 

2ow 

7500 

11 
_. 

. 165 

. 178 

. 314 

I 320 

-344 

‘. 38 

- 48 

- loo 

. 132 

- I05 

* 140 

i 245 

- 280 

30 

- 

5 

X Ph.Ph 
.-. - 

2610’ 

22.ooo 

2596’ 

27.000 

2x0s 

l9.000 

2744 

19.000 

2970 

23.ooO 

2462 

IX.600 

2450’ 

16,000 

2550+ 

23.500 

2527’ 

20.500 

2562’ 

25.500 

25w 

22,000 

2586’ 

25,500 

2573’ 

22.000 

2520’ 

21.000 

2513’ 

19,oce 

2483 

19.000 

* I35 

; 139 

- 330 

. 277 

: 49s 

I3 

I7 

. 75 

-60 

.i u7 

- 73 

” Ill 

. I06 

! 45 

* 46 

IR 

X- Ph.Ph.Ph D 
.- - - _- 

2875 - 106 

33.000 

2854 ! IO4 

34,000 

3010 . 241 

32.000 

2959 ‘. 209 

27.ooO 

3270 - 451 

33.000 

2764 5 

32,000 

2737 -13 

31.000 

2817 . . 48 

32.000 

2782 .. 32 

w.ooo 

2832 ! 63 

34.000 

2790 -40 

36,ooO 

2843 - 74 

36,OCQ 

2UO5 : .55 
33.000 

! 28lO .. 41 

B.ooo 

2795 i.45 

3l.OaI 

2800 . 39 

33.000 

l These figurer were dcbxmined with w&r as solvent. by Doub and Vandenbcl~’ who also gwc 2035 A 
as the ma~~tnum for benzene in that solvml. 
D u Increase of disploccmcn~ by the subsliwcnt X compared wlh parem hydrocarbon. 

’ A. Burawoy and E. Spinner. J. C’hrm. Sor. 2085 (1955). 
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paru position, the displacement of the K-bands of (benzene), diphcnyl andp-terphenyl 
decreases in this order, but the overall percentage dccreasc is smaller than in the cast 
of a vinyl group, which may indicate some contribution of the polarity factor. It is 
noteworthy that, although the position of the K-bands of both the phenols and the 
phenol ethers in ethanol is similar, the displacements fall off more appreciably in the 
ca.sc of the phenol ethers (165 --c 135 --c 106 A) as compared with the phenols (160 - 
137 + I21 A). This effect can be explained on the basis of the clcctronic polariza- 
bility of the mcthoxyl group being greater than that of the hydrogen bonded hydroxyl 
group. This, in turn, is balanced by the greater electron repelling character of the 
latter group. 

The amino group behaves similarly, but the greater electron repelling nature, and 
the resultant increased contribution of the polarity factor is shown by: 

1. the grcatcr red-shift in ethanol of the K-band of pamino diphcnyl (330 A) 
compared with that of the K-band of aniline (314 A). 

2. the apparently more rapid fall of the displacement in the non-polar hexane 
(320 --c 277 - l 209 A) than in the polar ethanol (314 -.* 330 -c241 A). 

The effect due to the increased polarity of the substituted system is convincingly 
demonstrated by the introduction of the powerful clcctron repelling ncgativcly charged 
oxygen atom in the phcnolatc ions. The redshift is considerably grcatcr in the p- 
phenyl-phcnolate ion (495 A) than in the phcnolate ion itself (344 A) and the displace- 
ment only slightly dccrcascs in the ion of p-hydroxy-p-terphcnyl (451 A). 

(c) The e&d of halopt atoms 

Burawoy and Thompson6 have shown that the direction of the electron migration 
in the halogcnobcnzenes is towards the phenyl group (I): 

This follows from the displacement of the K-bands to shorter wavelengths on 
replacing hexanc by ethanol. The electron shift in the phenyl group due to the electron 
attracting terminal halogen atoms reduces the polarizability of the system away from 
the halogen atom, but this effect is masked by the opposing greater polarizability of the 
C-Hal clcctrons towards the carbon atoms (increasing in the order C-F -: C -. Cl -.: 
C-Br -. C-I). 

In contrast. the electron migration determining the stability of the excited state in 
the p-halogcnodiphenyls is in the opposite direction (II) to that in the halogeno- 
benzenes. 

This is established by the opposing effect of solvents in these two series. The 
phalogeno-diphenyls absorb at longer wavelengths in ethanol than in hexane. It is 
also supported by the fact that on introduction of the fluorine atom a blue shift results. 
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This shift is characteristic for all systems in which the fluorine atom is at the “receiving” 
end of the clcctronic migration, e.g. for p-fluoro aniline and p-fluorophenol. 

This reversal of the solvent effect in the halogeno-substituted diphenyls as com- 
pared with the bcnzcnc derivatives is due to the electron shift in the ground state in the 
second C,H,- C group induced by the introduction of the halogen atom into the first 
phcnyl group. This electron shift increases the polarizability of the system (C,H,- 
C,II,-Hal) towards the halogen atom and reduces it in the opposite direction i.c. a 
reversal of the relative polariitabilitics of the overall absorbing system has occurred. 
The blue-shift due to the fluorine atom has been attributed to an appreciably smaller 
polarizrbility of the C-F electrons compared with those of the C-H bond. 

The prcscnt investigation shows that, in agrccmcnt with thcsc intcrprctations, the 
clcctronic migration in the p-halogeno-p-tcrphenyl series is in the same direction as 
that in the p-halogcno-diphenyls, i.c. towards the halogen atom. Again the fluorine is 
responsible for a blue shift and the K-band appears at longer wavelengths in the more 

polar ethanol than in hcxanc. As expcxtcd, the displacements are smaller than in the 

p-halogeno-diphcnyls. TTowcvcr, the contribution of the polarity factor is indicated by 
the smaller decrcascs in ethanol as compared with that observed in hcxane. 

(d) 7&e c@cr O/ methyl and ammonium groups 

The effect of the methyl group is comparatively small, but as Burawoy and Spinne? 
have shown, the polarity factor is at least of the same degree as the polarirability of the 
C, -CH, electrons. The former factor is rcsponsiblc forthecomparatively slight decrease 
of the red shift in the order of toluene : - p-methyl-diphcnyl ._ p-methyl-p-tcrphenyl. 

The red shift due to the NH, group is grcatcr in the p-tcrphenyl compound (3 I A) 
than in the diphcnyl derivative (8 A). Since it is known6 that the polarizability of the 

C-i’Ha system is almost identical with that of the C--H bond, the obscrvcd displace- 
ment must be attributed to the incrcascd polarity of the hydrocarbon system only. 
Thus, the third phcnyl group in the p-terphcnyl derivative, being more polar than in 
p-tcrphcnyl itself, makes sonic contribution to the red-shift. 

EXI’ERIMESTAI. 

The spcc1ral dcrcrmtnalions were carried out ui1h a Hllgcr E3 quartz spcc1rogrzph f31cd with a 
Spckkcr photomcrcr. a lungslen-slccl htgh rcnsion spark being employed as the hgh1 source. All 1hc 
invcsrigalcd subsianccs Here ob1aincd in a high SI~IC of puriry. Most of thep1crphcnyl compounds 
wcrc prcparcd by the methods of France cr 01..‘~ p-cyano-. and p-fluoro-p-1crphcnyI have no1 been 
prcvrously described. 

p-/?uoro-p-rcrphcn!l. p-A&amino-p’-fluoro-diphenyl” (2 g) was dissolved in glacial acelic acid 
(100 cc) and aczric anhydride (20 cc) and phosphorus pcnroxide (2.0 g) were added. The resultant 
solution was cookd to IO” and nitrous fumes (made from copper turnings and cone HNO,) wcrc 
passed into 1hc cooled solurion for 3 hr. The dark green solurion was poured into warcr and the 
prcccpitarcd N-ni1roso compound colkc~cd and dried under vacuum m.p. 85-86” (dcc). 

The dried unstabk nitroso compound was allowed IO rcac1 with dry benzene over a period of 
3 days whcncr a brown 1ar formed and nirrogcn uas evolved. The tar was dis1ilkd under reduced 
pressure (IO-3 mm) and p-fluoro-ptcrphcnyl (0.5 g) sublimed at 200”. The sublimare crysrallizza 
from alcohol as colourkss plates and nccdlcs of m.p. 214-215”. (Found: C. 86.8; 11. 5.1. C,,H,,F 
requires: C. 87.1; II. 5.272). 

lo H. France. 1. M. Hcllbron and D. H. Hey. 1. Chtm. tic. 1364 (1938). 
I’ L. van Ilovc. C-hem. Zenrr. 1. 312 (1923). 
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p-Cyuno-p-fcrplunyl. pAmioo-p-tcrphcnyl (0.5 g) was diazotired by the method of Pummcrcr and 
Bittner” and the diazo solulion was added IO a solution of potassium cuprayanidc (from 2 g coppc 
sulphate). Nitrogen was cvolvcd. and after 30 min the reaction mixturc was hcarcd to SO’ on the 
steam bath. The precipitate formed was filtcrcd off and extracted with ethanol and on cooling, 
p-cyano-p-tcrphcnyl (0.1 g) crystallirrs from alcohol as yellow platclcts m.p. 219 220”. (Pound: 
C, 89.1. H. 5.3; C,,H,,N rquircs: C. 89.4; H. 5.1 %). 
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