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single r ing . W'nen l arge g r oups are introduced near their point of junction, they are 
fo rced by repulsive forces into different planes ; and acco r dingly the conjugation 
ef fe ct on absorption vani shes. It is an interesting fact, vhose explanation our 
available space does not permit , that this effect of inhibition of resonance de
creases the intensity more pronouncedly than it changes the of maximum 
absor ption. 

Returning to the explanation of intense color in dyes , it may be sa i d that on page 
19d2 in Pauling ' s chapter of Gilman ' s "Or ganic Chemistr y , 11 the exce lle nt a r gument 
giv·en the re is summarized by saying that " intense color r esul ts from resonance 

tv1o equivalent o r nea r ly equival ent structures with which a l arge dipo l e 
l•lOment is associat ed (the actual electronic transition being between r esonating 
s tructures formed from these). Nitrogen and oxygen atoms a r e important in dyes in 
or de r to large electric (dipol e) moments ." 

ABSORPTI ON 
SE 3CTRA AND 
S0 LViN'I' S 

Two more papers on the effect of sol vent s on the absorption spectra 
of dyes by s. E . Sheppard and his co- worke r s at Eastman Kodak con
tinue the extensive YTork reported in 1942 (J. ilmer . Chern. Soc. 64 , 
2923- 37 , 2937- 47; a l so Rev . iliad . Physics 14, 303- 40; 1 942) ; these 

pape rs a r e in the December , 1944 , J ou• ·nal of t he American Chenical Society . 
Although the specific probl em was thut j ust stated , the p rinc ipl e s utilized and the 
implications of theor y and empirica l fact are b r oade r in scope and inte rest than 
this subject; and the papers are full of SU(:,ges"Cions for other '\Norkers having to do 
with t ho color of dyes . 

The effects of in modifying absor pti on ba nds may be att r ibuted to the so
called "Vander Waals forces," or non- chemical- va:!.ence forces , of three types : 
(1 ) the "orientation" effect of ele ct1·ostatic inte raction of pennanent dipoles , 
firs-t:; studied by Keesom; (2) the De bye effect of induced dipole s; and (3) the 
London-1-Eargenau ''dispersion e ffect," a quantum-mechanical influence due to the 
mutual inductance of e l ectron clouds . Effect (1) depends on the dipole moments of 
t he solvent and the dissolved dye , and is t empe ratur e - dependent . Effect (2) de 
pends on a lm·Ter pov;er of d i pole moments and on t!'le polarizabilitie s ( susceptabili
ti9s to electron disp l acement) , and is only s l i ght l y affected by temperature change. 
Effect (3) de pends on polar izabil:i.ties and the characteristic frequencies contained 
in the classical dispersion fonnula . Ca l culations for a nuober of simple molecules 
proved effe ct (3) t o be of gr eatest magnitude , and (1) f reque ntly of con siderable 
size, while (2) is usually negligible. The distinct i on between the three types of 
inte ract ion effect , however , is p r imarily h :i.stor ical and a matter of convenience 
only, . the forces beint; fundamentally of the same nature; they correspond to smrnna
tion of l a r ge or smal l enerGY d iffe r ences involved in different types of spectra 
( r otational , vin rational or e l ectronic) . To a fir st a pproximation these forces 
vary inve rsely as the sixth powe r of t he distance , though more accurate calcula

involving dipo l e - quadrupole q Lmdrupole - quadrupol e forces, occur ring 
along with dipole - d.i!Jole forces , include hiGher inverse povTe r s of the distance of 
separ ation of poles . The first two effects a r e i mportant only for polar molecul es, 
while the London or dispe rs ion for ces act between non- polar molecul e s a l so, and are 
tempe r ature - independent. 

The dispe rsion effect is involved in the earliest stated r ule dea ling with the 
effect of solvents ; this was t he r 1:le of Kundt (1874) , according to vmich the ab
sorption band is displaced toward wave -lengths by increase in dispers ion (or 
ref ractive index) of the solvent . Apparent exceptions we r e l ater found ; but 
Sheppard e t a l find that the rule holds wo J.l if limited to non-po l ar solvents. 
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Dispe r s i on f orces may a l so be i :lVol ved i n t he greate r (bathochromic) wave -le ngth 
shifts due t o a r omat ic s ol vent s compared vrith a l i phat i c solvents of t he sa.:oo 
chelTu ca l t ype a nd dipol e moment; also in the inc reased shi~t i n go ing fro~ a l kyl 
chl oride t o br omide to i odide a s s ol ve nt. Probabl y t her e ~s a small b ut ~nc reas
i ng De bye i nd uction e ffect on pol a r molec ul e s dissolved i n non- pola r sol vents of 
i ncreasing d ielectric c onstant s . 

In a homologous serie s of po l a r sol vents .of a give n che mical type , t he bathochromic 
shif t i n v;ave -lengt h i s consta.~t . But when v;e change f r om a sol vent of ~nc type t o 
othe r s of i n c reasin g d i pole moments , a s in go ing t h r ough the s ol vent ser~es : 
hydr ocarbon to ethe r t o a lkyl acetat e to ke t one to ni t r o-compound , the shift t o 
l onge r v:ave -length i n cre ases. Thi s is prestnnab l y the Kee som e f fec t . Polar char ac 
t e r appe a r s t o reduce t he shift corre spondi::.1g t o a gi ven r ef ractive ind~x . 
11Assoc i a t ing 11 pol a r sol vents (fat t y a cids , a lc ohol s a~d runine s ) a ct as J.f t hey have 
~1fectively gr eat e r moment s, a s c ompar ed t o the indivi dual mol ecul es of the ir vapors . 

~{ost dilut e s ol ut i ons i n orgnni c so l vents such as a lcohol obe y Beer's La.w1 a.s i f 
they we r e mol e c ul o.r ly di spe r sed. I n ,·rat e r 1 on t he ot he r hand 1 mi nor (beta. and 
gamma.) c v.nd s appea r at sho r t e r v;a.ve-lc ngths , gaining with increas i ng c oncentrat i on 
a.t the e xpe nse of t he ma i n (a l pha ) bt:t!lds . The r e ur e two school s of t hought as t o 
t he nD.t ur e of t he se conda.r y 'uunds . 1~ost \'la r ke r s a.r e agree d t ha t i n concentrated 
sol ution s aggr e ga t ed (dire r i c and poss ibl y pol yme ric ) mol ecul es exi s t al ong with 
t he monomeric dye nol ecul e s pr e sent i n a l c ohol ic , diluted or heated sol utions. 
Some worke rs ( Sche i be , Rabi nowi t sch , vi. C. Hol me s) be lieved that the reve r s i bl e 
t r ansit ion of monome r s to d i>:1.er s i s go-ve r ned bj t !1e chemica l mass-action lavr. But 
She ppa:-d be lieve s t hat tyro mol ec uk s of dye solute a r e i1c l d by definite fo r ce s to a 
mole c ul e of nater. Ac cor ding t o ni:~ , the se c ondary bands a r e due t o a n i ncreased 
probability of c oupling of vibr at iona l ni th e l e ctroni c e ne r gy . 

The effect of inc reased h~'droge :J.-ion concentration (fron a c i ds ) is often t he add i 
t ion of a. p r ot on , p roducing a neYJ species r:ith a. modifi e d a.b sorpti on band at l onge r 
wave -length s ( "hn l och r omy"); but somet i me s t he r e i s "reversed ha.l och romy . 11 Solut i on 
in concentr ated sufuric a cid 1::ay add on t vro pr oton s , o.nd , by bl ocJ:i ng the r e sonance 
r e sponsible fo r the color, d i scha r ge t hs color . Reso~~nce-stabilized compounds , 
such a.s benze ne , a r e ~n ge ne r a l inse:1sitive to sol -.-e nt effects . The Kee som and 
Debye effe ct s , but not t he London di spe r s i on e f f e ct , a.r e likewi se l imited f or 
i oni ze d a nd s~etrica. l dye s . 

I f we consi dor , i n s t ead of t he e f fec t of a. s ol vent.. mol e cul e on a d i ssolved dye 
n ol e c ul e , t he influence of t wo s Lri l o.r dye mol e c ul es on eo.ch othe r , YJe find tha t t he 
i nte r action energy is p r opor t i ona l to the square of t he pol a r iza.bility (which ca n be 
read i l y ca l c ul a t e d from bond-refra ct ion da.tu ) a nd t o t he cha racte r i s t i c f r eque ncy. 
On t he bas i s of a si:nplif i ed mode l , this can be put in t he f orm f 2 A. 3 . For the 
meaning of the se t e r ms , see our ~rch , 1944 , r e vi e w of t he r:o r k of Neal e a nd 
Str i ngf e llO\'t (1-fev:s Lett e r No . 52) , co:lfirmed by t he r eviewer: A may be t a ken 
a ppr oximate l y as the nave -len gth of maxi mum ab sor pt i on . V111e neve r t he eye is deep l y 
col ore d , these quantitie s a r e l a r ge ; a nd i n t hese case s we may e xpe ct conside rab l e 
i nte r act ion or aggr egat i on, c onseque:1tl y also dev i at i on s from Beer' s l aw. In fact , 
i t can be e a s i l y s hO\m t hat t he i nte r action bet woc n t vro diss i r.U l a r mole c ul e s A and B 
is alway s l e ss t han the harmonic mean of the i nd ividual inte r a ctions of A with A and 
B v:ith B; and since ·we know f r om Nea l e and St r in"'fel l or11 s r epor t of l arO'e inte r-

t ' 0 0 ac ~ons of the A- B ty:_)e , it f ollons t hat t he A- A and B- B type of inte r actions may be 
l a r t;e . And t he entr ance of A. as the thi r d powe r l eads us to expec t mor e i nte raction 
(Beer ' s l aw deviation, a gr:r e ga.tion ef f e cts und in ge ne r a l mor e " spe ctra l a.noma l y 11 ) 

of gr een a nd bl ue dye s t han of r e ds and ye l lows , 
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The importance of these results in their bear ing on spectrophotometric ana 
dyeing a~d studies of the correlation of physico- chemical structure and pro 
of dyes , wil l be immedi at e l y obvi ous to most of our readers and will need no 
further comment . 
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