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Abcmact-The &cl of terminal nitro and amino groups of absorbmg conpgatcd systems on the 

corresponding K-bands and, in particular. its dependence on the length of the substituted hydrocarbon 

system is discussal. It is confirmed that the position of a K-band is almost exclusively dctcrmincd 

by the charge migratmn in one dmzction along the conjugated system. The interaction betwan a 
paminn and a pnitro group m the ground SIUC of the p-nitro p’-amino derivatives of dlphcnyl. 
srilbcnc. and similar compounds (tnnsmittcd through the conjugatrul hydrocarbon system) decreases 
with Ox kngth of the conjugated system. 

INTRODUCTION 

P~~v~ovs investigations by Burawoyi er al. have shown that the “ctfectivc” electronic 
migration along an absorbing system, as indicated by the long arrow in I, determines 
the transition energy, i.e. the position of the corresponding K-band. The contribution 
of the accompanying “complementary” electron migration in the opposite direction is 
only small and can generally bc ncglectcd in qualitative comparative discussions. 

1. A -(CH .CH),,- B 
c 

It has also been shown’ that the displacement of a K-band to longer wavelengths on 
structural modification of the terminal groups(I.A-CorC-B)can bedue to two factors: 

(a) An electron shift (in the ground state) of the substituted system which will 
increase its electronic polarizability in the direction of the shift and facilitate the 
electronic migration. 

(b) An increase of the clcctronic polarizability of the terminal group itself. 
More rcccnt experimental evidence* shows that the degree of stabilization of the 

excited state, i.e. the red shift of a K-band due to the perturbation not only by a 
terminal vinyl group. but also by any other substitucnt, decrcascs as the length of the 
substituted absorbing system increases. 

This investigation deals, in greater detail, with the dcpendcncc of the effect of 
terminal nitro and amino groups (at both the electron receiving and electron donating 
end of the absorbing system) on the length of the substituted system. This involves the 
examination of a series of mono-p-nitro, mono-p-amino, p:p’-dinitro, p:p’-diamino, 
andp:p’-nitroamino-hydrocarbons such as benzene, diphcnyl, terphenyl, quaterphenyl 
stilbcnc and tolanc. 

l Part VI: Trrrohrdron 10. 102 (1960). 

t Present addms: Birstc Research Department. Thomas Hcdky. City Road, Ncwcas~le upon ‘I’yne. I. 
’ A. Rurawoy. ‘Trtrahrdron 2. 122 (1958); A. Burawoy and E. Spinner, /. Chrm. Sot. 2035, 2S57 (1955); 

A. Burawoy and A. R. Thompson, J. Chrm. Sot. 4314 (19S6). 
* P. Brocklchurst, A. Hurnwoy and A. R. Thompson, Trrrahrdron 10, 102 (1960). 
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DlSCtJSSlON 

(a) Speclra of pnilro dericalkes 

Data for the maxima and intensities of the K-bands of benzene, diphcnyl, terphenyl, 

styrenc, phenylacetylcne, stilbenc, tolanc, and their pmononitrodcrivatives in 
hcxanc and ethanol solutions are shown in Table I, together with the displacements 
(D) due to the introduction of the nitro group. 

The effective clcctronic migration of the transition corresponding to the K-band 
of the nitro dcrivativcs is towards the nitro group as indicated by a long arrow in II. 

It has already been shown” for the polyphcnyl series that the introduction of the 

I'ABL~ I. MAXIMA OF K-RANDJ IN A - 

Substance 

- --- 

Solvent 
- .-. 

Ethanol 
Hcxane 

-- 

l x ... II I . 
X- NO, 

- - 
’ A .DI.X. L... 
-.- -. .- 

2595 9500 
2513 9000 

D 
-._ 

I,.,. A 
-- 

2030 
2020 

2.X. 
--. - 

- 
664Ml 

565 
493 

Ethanol 2475’ 19,500 3060’ 18.000 585 
Hcxanc 2467’ 19,ooo 2935’ l8.000 468 

Ethanol 2769’ 32.000 3260’ 2l.OtM 491 
Hcxane 2750’ 32,000 315v 26.000 400 

Ethanol 
Hexane 

2453’ 
2450’ 

15.000 
14.000 

3OlV 
2W95’ 

14.500 
15.500 

557 

445 

Ethanol 2935 20.000 3400 17.500 465 
Hexanc 2920 19,500 3325 19,500 405 

Ethanol 2346’ 
2444 

fiF%- 

15.000 
13.500 

28fXP 15,cOo 465 

Iicxanc 2351’ 
2446 

23yxc 

15.500 

13.500 
2798% 16.000 

Ethanol 

I Icximc 

2775 
2w 

zxw 

2775 
2Y6a 

2m 

33,ooo 
29,ooO 

3230 23,000 

34,wo 
29,000 

400 

370 

340 

C- antrc or band system. 

’ A. Burawoy and 1. P. Crltchlcy. Tefrahcdron 5. 340 (19J9) 

3200 25.000 
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nitro group into benzene and diphenyl, to give nitrobenzene and p-nitrodiphenyl 
respectively, has similar effects on their spectra, because in the latter case the expected 

smaller displacement due to the decreasing contribution of the electronic polarizability 

II. Ar-NO, 
c 

of the C-NO, group is enhanced by the contribution of the electron-shift in the ground 
state of the second phenyl group in p-nitrodiphenyl. 

In pnitroterphenyl, however, the polar effect is transmitted to the third phcnyl 

group to a much lesser degree. The bathochromic displacement due to the resultant 
electron-shift is now unable to make up for the reduced displacement caused by the 
decreasing contribution of the polarizability of the C .NO, system. Thus, the dis- 
placement observed is only 491 A in ethanol, 400 A in hcxanc compared with that in 
nitrobenzcnc (D - 565; 493 A) and p-nitrodiphcnyl (D A 585; 468 A). 

The cffcct of the nitro group in p-nitrostyrenc (D 557; 445 A) is again similar 

to that observed for p-nitrodiphcnyl (D 585; 468 A), but is somewhat smaller in 

pnitrophenylacetylene (D -. 465; 400 A). Burawoy and Critchley) have shown that 
electron-shifts in triple bonds arc responsible for smaller increases in the polariza- 
bilities of these bonds than similar shifts in double bonds, and they attributed the 
reduced bathochromic cffcct of the nitro group (in p-nitrophcnylacetylcnc) partly to 

this factor. 
Inp-nitrostyrcnc, the electron-shift caused by the nitro group results in an increase 

of the polaril;ibility of the C -CH: CH, electron system towards the benzene ring 
and confers a slightly electron-rcpclling character to the vinyl group, whereas in p 
nitrophcnylacetylcnc the electron-attracting character of the -C -CH group is 
prcscrvcd. Thus, the electron-attracting acetylcnc group is responsible for an clcctron- 
shift in the nitro group in opposition to the clTcctivc charge migration, i.e. a reduction 
in the polarity of the C-NO, group and consequently a reduction in its polarizability 
towards the oxygen atoms. This is an additional factor responsible for the reduced 
bathochromic effect of the nitro group in p-nitrophcnylacctylenc. 

The bathochromic effect of the nitro group obscrvcd forp-nitrostilbcne (D :-- 465; 

405 A) and pnitrotolanc (D A 370; 340 A) in ethanol and hcxanc solutions is much 
less than the effect of the nitro group obscrvcd in the cast ofp-nitrostyrcnc(D 557; 

445 A) andp-nitrophcnylacetylcne (D = 465; 400 A) respectively. These observations 
arc analogous to those made for p-nitrotcrphcnyl. Again the polar effect caused by 
the introduction of the nitro group is transmitted to the additional phenyl group to a 
smaller degree. 

(b) Speclra of pamino dericatices 

Data for the maxima and intensities of the K-bands of the investigated hydro- 

carbons and their pmonoamino derivatives in hcxane and ethanol solution, together 
with the displacements (D) due to the introduction of the amino group arc shown in 
Table 2. 

In the case of paminophenylacetylcne, the electron-attracting acetylene group 
causes an electron-shift in the H,N-C group which coincides with the direction of the 
effective charge migration. This is in contrast to pnitro-phenylacctylene where the 
clcctron-attracting acetylene group causes an electronic-shift in the nitro group in 
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opposition to the cffcctivc charge migration. Thus, the effect of the nitro group in 
p-nitro-phenylacetylcnc is considerably smaller than in pnitro-styrcnc, whereas the 
acetylene bathochromic displacement due to the introduction of the amino group 
is only slightly less for p-aminophcnylacetylcnc than for p-aminostyrenc. 

TABLE 2. MAXIMA or K-HANDS IS A 

Substance 
-- 

x 1’ -0 7 

X-f-WU-0% 

Solvent x ,.. 11 x NH, D 
. 

a A C0.X. X,.X. , ,.,...A Cm.. . 
._ --. ___- . -. -_- 

Ethanol 2030 - 2344 8000 314 
Hcxane 2020 6600 2340 : 7500 320 

Ethanol 247S 19.500 2805’ 

Hexanc 2467’ i 19.000 2744’ 

I I 
Ethanol ! 2769’ 

llCXi3IlC 275w 

I 

I I 
Ethanol ’ 2453’ 

1 lcxane 2450’ 
I 

Ethanol 2935 

HCxiiftC , 2920 

32.000 3OlP 
32.000 2959’ 

15.000 27w 
14,Ooa 2728’ 

20,000 3180 
19.500 3150 

15.@m 
13.500 ! 

Ethanol 2346’ 
2444 

3295L’ ’ 2697’ 1 20,500 ’ M2 

Hcxanc 2351’ 15.500 I 
2446 13,500 
239Kc ; 2650’ 20.500 252 

I Ethanol 2775 33.000 i 
2960 29.000 1 
286oc 3100 28,000 I50 

I 

I Icximc 2775 : 14.000 I 
2960 29.000 .- 
28tXK u)IO 28.000 150 

19.000 330 
19.000 277 

32.000 241 

27,000 209 

I 

16.000 ! 317 
19.000 278 

18,500 245 
24,000 230 

I 

C ccntrc of band system. 

Similar differences arc obxrvcd for the corresponding stilbene and tolane derivatives. 

(c) Speclra of p : p’dinilro and p : p’diamino dericahes 

Data for the maxima and intensities of the K-bands of the p:p’-dinitro and p:p’- 
diamino derivatives of bcnzcnc, diphenyl, tcrphenyl, stilbcne and tolane in ethanol 
solution, and the displacements on the introduction of the first (D) and of the second 
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TABLE 3 

Solvent X ..- H X -. NO, , 1) D’ 
- - 
. 
Amu. A L... L.,. A \‘m.i. 

‘_ _. 

’ Ethanol 2595 9500 2061 13.000 565 - 6 

Ethanol 3060’ 18,000 3052 r),OOO 585 ; 8 

Ethanol 3260 

Dimethyl - 
’ i formamide - 

I 
21.000 3310 73,000 491 - 50 

17,500 3415 18,500 465 +I5 

I 

I I I 

23.000 3270 31.000 / 370 ! +40 

I I 
I 

I 
I 

I 

substitucnts (D’) are summarized in Tables 3 and 4. ,Many of the disubstituted deriva- 

tives were insoluble in hcxanc and therefore could not bc investigated in this solvent 
(those of quaterphcnyl arc investigated in dimethyl formamide). 

In the case of the nitro derivatives, the second clcctron attracting nitro group is at 
the electron-donating end of the effective charge migration, the direction of which is 
indicated by the long arrow in III. 

III. O,N-(CH-CH),-NO, 
+ 

It is responsible for an electron-shift in the opposite direction to the effective charge 
a 
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TABLE 4. Mm OF K-er4h-M IN A 

SUbStanct : Solvent ! x = II X I- NH, D ’ 
I - - -.-. - .--_ . - - _- -----.- - ‘_.. ! D__ 

$I_>-.f-px 

I I 

j Ethanol 1 2805’ 19,ooo 2845 
I 

o- /\ x 
__ 

I 
32+3cc 3127 

18,500 3290 

I 

I 
I 

I 

245 : ~110 
I 

34.000 240 .!_B 

I / 
! I 

58.000 - - 

migration and, therefore, could be expected to cause a blue-shift of the K-band. This 
effect is balanced by the electronic polarizability of the C-NO, system towards the 
carbon atom, which should be considerably smaller than in the opposite direction. 
Thus negligible band displacements, to shorter or longer wavelengths, are observed on 
the introduction of the second nitro group. 

Similarly, the second electron-repelling amino group in thep:p’diamino derivatives 
is responsible for an electron-shift in the opposite direction to the effective charge 
migration of the transition. This should cause a slight hypsochromic band displace- 
ment. However, the blue shift is masked by the effect of the polarizability of the 
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C-NH, electron system towards the amino group which is, again, smaller than in the 
opposite direction. This results in moderate displacements of the K-bands to longer 
wavelengths (2&l 17 A) which may be compared with the much greater effect of the 
first amino group (24&314 A). 

(d) Spectra of p: p’-niaoamino compounds 

The maxima and intensities of the K-bands of thcp-nitro- and thep:p’-nitroamino 
derivatives of benzene, diphenyl, tcrphcnyl, stilbene and tolane in ethanol solution 

TABLE 5. MAXIMA OF BAh’DS OF B:D’-h?lRDAMI?W DFRIVATIVFS (A, 
I 

subsIancc. Solvent I X-H X = NH, D ; D’ D* 
__-_ .__. --- - _.- _-.__ - ..- - _ 

.k., A L.,. b.,,.A sm... ; ' 
I ..- _ 

Ethanol 2595 9500 3725 ’ 16.800 1130 314 816 
I 

Ethanol 3060’ 18.000 , 3775 ! 13.800 1 715 385 

OzN- c} <yc>’ / Ethanol ’ 3200 

’ I i ’ 
21.000 3580 16,500 

I 
380 241 139 

I 

and, as far as solubility allows, in hexane solution arc shown in Table 5. (p:p’-Nitro- 
aminoquaterphenyl is determined in dimcthyl formamide.) The displacements (D) 
due to the introduction of the amino group into the nitrobenzene derivatives, the 
displacements (D’) observed on the introduction on the amino group into the corre- 
sponding hydrocarbons and the difference between these displacements (D*) are also 
shown. 

The latter values (D*) give an approximate measure of the enhanced polarity 
resulting from the interaction of the terminal nitro and ammo groups of the con- 
jugated system. 
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It can be seen that the polarities of the systems will be much greater than those in 
the corresponding pmononitro- and p-monoamino-derivatives respectively. The 
reinforced electron-shifts within the p:p’-nitroamino compounds coincide with the 
direction of the effective charge migration of the transition as indicated by the long 
arrow IV. 

IV. O,N-(CH CH),,--h’H, 
4 

They are responsible for increased electron polarizabilities and therefore large batho- 
chromic displacements of the K-bands. 

It is interesting to note that D+ decreases in the order p-nitroanilinc (816 A) ;- 
p:p’-nitroaminodiphenyl (385 A) :‘- p:p’-nitroaminotcrphcnyl (139 A). This clearly 
indicates that the interaction of the nitro and amino groups transmitted through the 
hydrocarbon system falls off rapidly with the increased length of the conjugated 
polyphcnyl system. 

Even more significant is the fact that the K-band, appearing at 3725 A for p- 
nitroaniline, is only slightly displaced to 3775 A for p:p’-nitroaminodiphcnyl, and, in 
spite of the increased length of the conjugated system, undergoes blue-shifts for p:p’- 
nitroaminoterphcnyl (3580 A) and for p:p’-nitroaminoquaterphcnyl (3400 A). The 
bathochromic shift expected from the introduction of each additional phcnyl group 
is cancelled in the terphcnyl and quatcrphenyl derivatives by the effect due to the 
decreasing interaction of the terminal amino and nitro groups. 

In the case of the stilbene and tolane derivatives, the interaction of these groups is 
of the same order as observed forp:p’-nitroaminodiphenyl, in spite of the introduction 
of the additional vinyl and acetylene groups. This clearly indicates that the transmis- 
sion of polar effects through aliphatic unsaturated groups is considerably greater than 
that through a phenyl group. It also shows that the transmission is of the same order 
for both double and triple bonds groups. 

EXPtKIMENTAI. 

The spectra wcrc determined with a Hilgcr F.3 quartr. spectrograph fitted with a Spckker photo- 

meter. a tungsten-steel high-tension spark being employed as the source of light. 

All the compounds were obtained in a high state of purity. 

p-Nirro-p’-umino-rolanc. Sodium hydrosulphidc solution (prepared by dissolving sodium sulphidc 

(2.4 g) in water (30 cc) and saturating with hydrogen sulphidc) was added slowly with stirring to a 

suspension of finely powdered dinitrotolanc’ (3 g) in boiling ethanol (75 cc). The solution was rcfluxcd 

for a further t hr and then allowed to cool. The rcddtsh brown precipitate wap filtered. and dried 

over calcium chloride tn a vacuum desiccator. Crystallization from nitrobcnzcnc afforded shining 

red plates of m.p. 210 21 I’. Ylcld: 1.6 g (61 “d). (Found: C. 69.7; H.4.4; N. 11.9. C,,H,.O,N, 

requires: C. 70.6; H. 4 2; S. ll~8”.). 

pNirrorolonc. A solution of potassium hydroxide (0.65 g 2.5 moles KOH per mok dlchloridc) 

in ethanol (6 cc) and water (I cc) was added dropwisc during IO min. with sttrring. IO a boiling 

solution of pnitrostilbcne dichloride’ (I.3 g) in ethanol (20 cc). The solutton was rcfluxcd for a 

further + hr, cooled, and filtered to remove potassium chloride. Water (100 cc) was added to the 

mother liquor. and the solutton was cxtractrd with cthcr. The combined fractions were dried over 

anhydrous sodium sulphate. Removal of the solvent gave a yellowish-white solid (0.2 g 21 “2). 

Crystalhration from light petroleum (b.p. 6&80’) gave pale yellow microflakes of m.p. I2 I - 122’. 

(Found: C. 75.3; H. 4.0; N, 6.5. C,,H,NO, requires: C. 75.4; H. 4.0; N. 6.3:;). 

’ P. Ruggli and F. Lang. Jfth. Chim. Ac:a 21. Xl (1938). 
’ P. PfeitTcr and S. Scrxwakqa. &r. Drsh. (‘hem. &I 44, 1108 (1911). 
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p-Aminorolonc. Zinc dus1 (I g) was added in small portions IO a solution of pnitrololanc (0.1 g) 
in ethanol (I6 cc) with good stirring. Cont. HCl(4 9, was added dropwisc. the temp. being mainIaincd 
bcIwccn I S-20 throughoul the addiIion. Stirring was conIinucd for 2.5 hr. and the solution filtered. 
LM. H$O, (25 “/,. 5 cc) was added IO the fillraie and a while prcclpitatc of paminololanc sulphatc 
scparaIed. RasificaIion with sodium hydroxldc solution afforded a whiIc prccipttatc. CrysIalliLaIion 
from aqueous cIhanol gave white needles m.p. I27 128’. (Yield: 0.05 g 58::). (Found: C, 87.4; 
H, 5.6; S. 7.1. C,,ll,,N requires: C. 87.0; H. 5.7: N. 7.3”,). 

p-.~iirro-p’smlno/erpheyl. p:p’-DiniIroIerphcnyP (8 g) was dissolved in pyrldine (200 cc) and a 
soluuon of crysIalline sodium hydrtsulphtdc [made by saIuraIing a soluIion of crysrallinc sodium 
sulphidc (5.3 g) in water (20 cc) with hydrogen sulphidc] was added during I5 min a1 the boil. The 
rcacIion mixIurc was refluxcd for a further I5 min. Removal of Ihe pyrldinc by distillaIion, Ihc lar 
porrron under reduced prcssurc. afTordcd an orange-brown sohd. (Yield: 6.5 g 92.7”,). CrysIal- 
IiraIion from mrrobcnzcnc gave golden plaIa m.p. 304’. (Found: C. 73.9; ll. 4.8; N, 9.5. 
C,.ll,,N,O, requires: C. 74.4; H. 4.X; N, Y+“,). 

p:p’-I,iumino/rrphcny/. A soluIion of sodium hydrosulphidc [made by saIuraIing a solution of 
crysrallinc sodturn sulphidc (5.5 g) in waIcr (20 cc) with hydrogen sulphidc] W;LC added IO a bolhng 
solution of p:p’-diniIro-Icrphcnyl’ (4 g) in pyridinc (200 cc) and Ihc mixture was rcfluxcd for 2 hr. 
Removal of Ihc pyridmc by disIillaIion, the last portton under reduced prcssurc. afforded a yellow 
solid. CrysIalli7aIion from crhanol gave yellow plaics of m.p. 242-243’. (Yield: 2.4 g x00;). 
(Found: C, 83.3; H. 6.3. C,,lI,,N, requires: C, 83.1; H. 6.4”,). 

p.~lrro-p’-4nrin~~~ur~~~h~~~/. A solution of crysIallim sodium sulphidc (I.1 g) in water (20 cc) 
was saIuraIcd with hydrogen sulphidc and pyridinc (20 cc) added IO the solulion. p:p’-Dmitroquatcr- 
phcnyl’ (2 g) was dissolved in pyridinc (200 cc) and healed IO the boil. The hydrosulphide was added 
over 4 hr and Ihc mixture was allowed IO boll for a further ) hr. Lxccss pyridine was Ihcn distilled 
ofi. Ihc final traces being removed under reduced prcssurc. The producl so obtained was cryslallircd 
from dimcthylformamidc as red-brown pIarc% of m.p. 345” dcc. (Yield: I.1 g 61%). (f:ound: 
C. 81.0; H. 5.2; N. 7.6. C,,H,.N,O, requires: C. 80.9; H. 5.1; N. 7.8:;). 
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