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E L P C T H O N I C  S P E C T R A L  STUDIES ON COMPCUNDS C O N T A I N I N G  

N I T K O S O  GROUP 

MAMDOUH S . M k S C d  , MOifAMEIJ A.EL-DESSOUKT and SAWSAN S.HACGAGCf 

Chemistry Department, Faculty of Science, Alexandria,EGYFT 

Abstract-  The e lec t ronic  s p e c t r a l  p roper t ies  of severa l  compounds 

containing n i t roso  group (b-broao-2-nitro~ophenol.4-aldehydo-2-nitroao 

phenol.4-acetyl-2-nitroaophnol,4-carboxy-2-nitrosophenol,nitroeo- 

pyrogallo1,nitoso s a l i c y l i c  acid and nitroso g a l l i c  ac id)  were 

inveatigatcd in preaance of d i f f e r e n t  eolvente and d i f f e r e n t  pR'e. 

The pK'6 values were determined and re la ted  with the  molecular 

s t r u c t u r e  of the compounds. T h e  e l e c t r o n i c  t r a m i t i o n s  and the nature  

of the  hydrogen bond were aasignad . The  phenomena of tautomerism 

w a n  explained. 

INTRODUCTION 

One of the most outstanding aapects of recent  chemistry is the 

Invest igat ion on model compounds which f o r  their e l e c t r o n i c  ooafigu- 

r a t i o n  and coordination geometry exhib i t  r e a c t i v i t y  pat tern.  In our 

laboratory,  Uaeoud e t a 1  ('-I2) 

chemietry of the poten t ia l  l igands containing the "hard" atone 

nitrogen and oxygen in ni t roao  compcunda. 

made a considerable i n t e r e s t  on the 

In a i caue l  of  continuation of e tudies  , it is f e l t  t o  study the 

e lec t ronic  epec t ra  of several  compounds containing n i t roso  group in 

presence of d i f f e r e n t  aolvents and d i f f e r e n t  pH ' s  . Tne major object-  

ive of such work l i e s  i n  the following: i )  evaluat ion of the pK's 

value6 and r e l a t i n g  w i t h  the molecular e t ruc ture  of the compounds, 

11) assigning of the e lec t ronic  t r a n s i t i o n s ,  i i i )  explaining the 

+ To whom correspondance should be addressed . 
** Abatracted Irom ner P1.Sc.theaie . 
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MASOUD, EL-DESSOUKY, AND HAGGAG 2 5 2  

phenomena of tautomorism, i v )  i l l u e t r a t i n g  tne type of nydrogen 

bonding exiete .  

EXPERIKENTAL 

Syntheeia of l igands 

They uere prepared by d i r e c t  ni t roaat ion(13)  of the parent 

plunola(4-I-phonole, 1- ~HO,-~r,-C00rl,-COC~~;pyrogallol;aalicy- 

l i c  a c i d  and g a l l i c  acid) .  

Preuaration of etock solut ion8 of tne ligande 
~ ~~ 

10-31-stock eolut ione uere prepared by dissolving tm required 

ueignt of eacn compound in the  proper solvent .  

Buffer aolut ioae 

Univoreal buffer  so lu t ion  of pii range 2-12 UM propared 88 

-04). . 
Pur i f ica t ion  of eolventa 

Bthauol and Dioxane uere pur i f ied  aa r a p o r t ~ d ( l ~ , ~ ~ )  , w h i l e  

DMSO and DlIF uere of a epectromcopic grade(BDB). 

Iaa t r u e n t a  

F30 Unicam pH meter model 291 u( 2 typo w. ruod f o r  pa- 

nemurewntm. The e l e c t r o n i c  mpectra uoro recorded uing Pya 

Uniccu SP 1750 epectrophotmoter. T b  mr mpectra w e n  recorded 

wing a uM-390 go HHg llMB spectro8eter  in proaence of douterated 

acetone aa a eolvent. 

RESULTS eod uIscussIon 
Effect  of pi3 on tne e lec t ronic  apectra  of tlu f r e e  liganda: 

In al l  tba l igands under inreat igat ion, t tw apec t ra  ind ica te  

that the  in tene i ty  and the band pornition and tneir numbera a n  

pH dependent. 

~b e lec t ronic  spec t ra  of 1 .U10~1-4-broro-z-nitromo pmnol in 

ptf range (2.04-9.22) gave two c n s r a c t e r i 8 t i c  band. at 224, and 

2aO nm. A t  ptf)9.22, a c l e a r  red Wt oaa- u i t n  tb. formation 

O f  -0 h t O M 0  bmd. at 244 end 294 M. h 0  i lObO. t iC  point# U O n  

found at 230 an4 280 am. Tb. firat one i8  duo t o  tm equilibrium 
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COMPOUNDS CONTAINING NITROSO GROUP 253 

Figure( 1 ).  Effect of solvents on the electronic 
spectra of 4-aldei-ydo-2-ni trow phenol 
- Ethanol . ...... .DM% 

Dioxane - H20 --- 

batreen toe protonized spocies and t m  neutral akeleton, w h i l e  

tne second one ia due t o  the equilibrium betwoen tlu neutral and 

tne oxirate structure. 

However the effect of pH range 2.10-6.70 on trw mlectronic 

spectra of 1 .636nO’3n-4-acety l - -n i tr~~p~nol  gave  two band. 

at 270 snd 4-80 M. A t  @)7.?b. tb. 270 DI band i8 BtesdilJ decreued  

w i t h  clear red m h i f t  and formation of two bonds at  330 and 540 M. 
Four inoboetic point. are exiat ing at 244,290,400 and 510 DI. 

Such ooeervatioru give tb. i d e a  for trio exiatenco of tne following 

equilibria: 
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In 4-aldehydo and 4-acetyl-compounds, general  t rends a r e  observed 

i n  both cases .Three iaoaegt ic  pointa a r e  appeared a t  230,250 and 

300 nm . Such iaobest ic  points  proved the exis tence of complicated 

e q u i l i b r i a  . 
The e lec t ronic  spec t ra  of 6X10-5~-2-nitroro-m-creaol in tne pli 

range 2.02-5.10 gave only one s p e c t r a l  Band a t  300 nm .In tne pH 

range 6-8,two bands a r e  observed a t  3OO.and 394 nm,denoting tBe 

existence of botn tautomere ( n i t r o s o e  ketooxime) . Ihe increase 

of pB shouea tnat t n e  500 nm bana ie r t e a a i l y  decreasea , mibile the 

594 am band becomes more intenae oue t o  the formation Of T M  O r l a a t e  

s t r u c t u r e  .Puo iaobeet ic  points  are appearea,at 200 ana 540 -.The 

data  indicate  tne nitrosoptlenol a t ructureoccurr  a t  low a c l d i t l e e ,  

dnd the ketooxirne skeleton is b u i l t  a t  higher a l k a l i n i t l e s .  

The e lec t ronic  s p e c t r a  of aX10'511-4-carbory-2~i~o~opnenol x n  

tne pH range (2.00-5.00) gave tnrae b a M m  at 23&.L7U.ona 54.i nm. 

On increa8lng tlre pH above 5, tna 258 M ban0 aiaappears. m u l e  toe 

,!'la am becomes more lntenae. three isobeatic pourts a m  appear- 

proving the e q u i l i b r i a  betmeen the protonated,neutral and the 

oxinate skeleton. 

The e lec t ronic  apectra  of ni t roeo pyrogal lol  and nitroso g a l l i c  

acid compounds are of  complicated equi l ibr ia .  due t o  tbeir r e l a t i v e  

S l i g h t  bulkaenr .The lower wavelength region can be a8crikd t0-iT-W 

t r a m i t i o n  mhile that at longer wavelengtn s ide  can be r e l a t e d  t o  

the anionic f o r m .  This chcuqe can be ascribed to aaaier e x c i t a t i o n  

of ?=electron ny8t.m leading to a W r  delocali%ation of the 

* 

e lec t ron  olouds on tha rings. T'be nature of e lec t ronic  troluitiolv 

i n  hydrogen bond of d i f f e r e n t  pinnol ic  compounds mere deeply 
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COMPOUNDS C O N T A I N I N G  N I T R O S O  GROUP 255 

W a v e  length  n m  

Figure( 2 1 .  Effect of solvents on the electronic 
spectra of 4 - Brorno-2-ni troso phenol 

...... ...DMSO - Ethanol  
-- - Dioxane - Hzo 

1nrestIgat.d and the hydrogen bond energies  f o r  ground and exci ted 

statem and the  f a c t o r s  responeible f o r  hydrogen bond ef fec t .  were 

dlscuased In detail''''. The o lec t ronlc  s p e c t r a  of 8 X 10-h-nItroso 

pyrogallol In the pR range 2-5, two bauds are appearea at 278 and 

322 nm in a ueak and strollg fea tures  respact lvely.  In so lu t ion  of 

pR range 5-8, a new band l a  apparent w l t n  'h, 330 nm. The intensity 

of such band increases  w l t n  Increasing pR. A t  pd 9. two  banas a r e  

formed a t  330 nmt with the reformation of tne 322 M band. The 

in tens i ty  decreaae8 with f u r t h e r  Increase of pii up t o  pH 12.8 .In 

strong a lka l ine  solut ions (pR 12.8). a noticeable  band I s  apparent 
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256 MASOUD, EL-DESSOUKY, AND HAGGAG 

- - -  
I 1 I 

430 390 350 310 2!70 2h 430 
I 

350 310 2!70 2h 
Wave length nm 

Figure( 3 I. Effect of solvents on the electronic 
spectra of nitrow-Gallic acid 

- Ethanol ..._.... DMSO - %!O - - --Dioxane 

at 142 am. The non-axi8tence of c l e a r  i sobea t ic  points  i n t e r p r e t t  

the overlapping of the ab8orption of the d i f f e r e n t  apecies exist. 

Such data explain the acid-base propert ies  of the compound. 

The e lec t ronic  spec t ra  of 8 X 10-5n-nitroso-gallfc a c i d  in the 

pH range (2.10-7.80) &are two c n a r a c t e r i a t i c  band8 at  220 =.and 

the other  in tbe wavelength range 260-274 -.The f i r e t  ia enarp 

and tho second in br0.d .On increasing the pd from 2.10 t o  7.80, 

the former band becomu BOC. intenme, u n i l e  the later one undergoes 

a regular  bathocnromic shift  on increasing tne pB. Above prt 7.8. 

both band8 become 1-8 intenea. Three ieobemtic points  a r e  appeared 

at 232,264,and292 P.. 
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COMPOUNDS CONTAINING NITROSO GROLP 2 5 7  

Arbitary absorbance 

Figure( 4 ) Effect of solvents on the electronic 
spectra of  4-Carboxy-2-nitmso phenol 

- Ethanol .. .-DMSO - 90 --- Dioxane 

In all these compounds ,it ie apparent that regular  batnochromic 

e h i f t  occurs with pii. The obtained s p e c t r a l  bands at lower rnave- 

length a re  assigned t o  tne ni t roao  absorpt ion while that a t  longer 

wavelength l a  due t o  the oximate skeleton . The later occura in 

a lka l ine  so lu t ion  . me s i te  of protonation c a l l a  f o r  comments. 

Tmo a t o m  a r e  avai lable  Wor &, n a ~ 8 l y  oxygen and nitrogen. Hornever, 

the oxygen-nitroso is in hydrogen bonding s t r u c t u r e ,  ao the ni t rogen 

atom is ready f o r  €I+ t o  give the protonised epeciem. 

haluation f o r  the d issoc ia t ion  conetants spec t ropnotont r lca l ly :  

Different  methods are used fo r  auch purpose depends on the  

s tud iee  based on tne e f f e c t  of pH on tne  e lec t ronic  spectra .  Zhese 

metnods are: half-h.ight(18’, l i m i t i n g  absorption(19), and 
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I I I I I , 1 do 390 340 310 270 230 
I 

540 550 510 h70 
Wave length nm 

Flgurd 5 1 Eiiecl of solvents on the electronic spectra 
o f  4-Acetyl -2-  nitroso phenol 

....... DMSO - Ethanol  
---0ioxane - H20 

Colleter('O). The data a r e  co l l ec t ed  i n  Table (1). The ootained 

pK's values are r o l a t e d  witn t ne  molecular s t r u c t u r e ,  where: 

1. ?he average pK value f o r  ni t roso-n-cresol  i e  found t o  Lu 7.14 

This value is smaller tnan that of tna parent  m-creaol unico is of 

t he  pnenol family. The phenole'zl),in gene ra l ,  a r e  of pKFl0.  The 

decrease i n  pK's could M a t t r i b u t e d  t o  the e l e c t r o n  a t t r a c t i n g  

property of the nitroao group. 

2. The docrease in t he  pK v a l u e  f o r  tne 4-bromo-2-nitroao pnenol 

(9.54) t o  tbat of tne  parent  pnenol(lOj,  ie q n l y  related t o  tm 

e l e c t r o n e g a t i v i t y  of t n e  broaine atam. 

3. Simi la r ly ,  tbo e loc t ron  attracting proporty of tlu C I O  group 

load8 t o  lower tiw pK value of tne parent  pnenol ( lo ) ,  t o  bo 7.39 
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C ~ O U N D S  CONTAINING NITROSO GROUP 259 

Table 1: Summary for the obtalned pK's value8 
spec trophotome tr ically 

ng Average 
Ligand %iht t;%kance Collet'r PK 

7.10 6.97 7.16,7.30,7.17 7-14p.a  Nitroso-m- 
creool 

4 -h ro~2-n i t roso  9.60 9.50 9*31,9*b0,9.49 9*54%.Uj 
Dhenol 

Niitr0~0-galliC acid 4.05 4.05 3.38,4.20,4.14 4.06%.30 

6.90 6.90 6.5Os7.U3,6.48 6 . 8 0 s . ~  

10 4 0  10.45 10 -9 ,lo .Og,lO -40 10.47f9- iN 

4-carboqy-2-nitroso 3.65 3.65 4.00,3.45,3.36 3.6.a.a~ 

phenol 6.40 6.40 6.08,6.16,6.33 6.27a.u 

and 7.61 in caee of tlu synthesized 4 - a Z d ~ ~ o O - 2 - n i t ~ O 8 O p ~ u O A  

epb 4-acetyl-L-nitroaopnanol compoundas reapectiuely. 

4. In -0 Of pyTOgd101 ayate8: pyrogallol L8 con'zolled by -I 
and +I effectm in tne ground atate. on reaction i n  tna nitroso 

CO8pOund , +n and +1 are strongly coupled to  give two p&*m values: 

5.52 and 9.64. Tho -€Mf group i e  an electron donor by +Jl and -I 

l o e d i q  to that the third proton caanot ln lonised oaaily due 

to  tho ~ N ~ O I I C O  of a t row intramolecular Iliyorogen bond. In t n o  

amme time th. -0Et group facil itate.  tne proton ramowl from one 

of tno adjacent 4 i i  groups. introauction of a -9008 woup to 

gi.0 a eOrroSpOMin(l gal l ie  ac id  8 y . h  1O.P. t o  &iVO pK'. 

volrua for tb. nitro80 ga l l i c  a c i l  aompourd : 4.06, 6.80 and 

10.4TS compared t o  that tho gal l ie  i tmlf  w i t b  a 6 V a l -  

of 4.41. Tbo well. known chemistry of tho -0oW group ia thpt it 
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I 1 &+a 40 390 3h 3x5 do 230 
Wave length nm 

Figure( 6 1. Effect of solvents on the electronic 
spectra of ni troso-pyroga\lol 

-- - D i ox ane 
- Ethanol .......... DMSO 

-KLo 

poereer electron attracting propertiea to docreme the QK Of -OH 

i.8. the intramolecular hydrogen bond'22). Lookillg f o r  the obaln- 

ed data f o r  nitroso g a l l i c  acid. t fm fol louing i e  deduced: tne pK 

value amounting t o  6 . 8  ia aseigned t o  th  ionization of the carboxy 

group. The unexpected pK T ~ ~ U U  of the -OH group euggerta that t n e  

-WOE group aeeiatea the formation of stroug intramolecular hyorogen 

bona ,i.e.tne caroory group prooauly' benaves as an electron donor 

since it ionized tnrougn i t 8  resonating atrucuro: 

0 &CJ 
5. In cane of 4-caruo.g-2-nitro6opnonol oorpouno,ruo pK'e ualuer 
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. .  

_ _ _  - -  -c' 
4iO 450 d0 350 3lO 2% 230 

Wave length nrn 

Figure( 7 1. Effect of solvents on the electronic 
spec t a of ni trow-rn -Cresol 
- Ethanol 
- - - D ioxane 

. ....... mso 
-3O 

4-hydroq oenioic acia,and 4.Y1 in tna parent oenaoic acia. Zhe 

Lower pK's values of the 4-carooxy-2-nitrosophenol compound is 

related to tne electron attracting property of the nitroao group. 

4ne absence of a value correaponaing to -OH,pinpoints to tne existence 

of tne oxime tautomer. 

pffect of Solvent8 on the Blectronic Soectra: 

The aworption spectra of  the parent paenolic CO.FOUdB in th. 

UY region are composed of two bauds lying vitnin tne range 215-22Snr 

and 270-300nm.th.t may k duo to tao local excitation of tne ?f - 
system mainly of tne aromatic ring8 g i v i n g 7  -7i'trmsiiion(L,-A , and \ \  
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26.f MASOW, EL-DESSOUKY, AND HAGGAG 

300 

p-Br 

260 

0 . 3  0.4 C . 5  0 . 6  0.7 0.8 0.9 I 11;1 
0.1 

Figure( 8 ) h m w D - l I D + l  relationmip for free n i t roso  lgands  

ib-A\ re~pectively)‘~~’. The anility Of 2-nitrosopnenols to form stable 
complex salts inoicates tnat they contain an internal hydrogen bond 

to displace the B- and the K-band8 of phenols to longer wavelengths. 

This is relatea to tnat the polarity in the aBsOrblng system in tne 

ground state is increasea by polarization.The effect of an internal% b.rl 

on R-bands is in contrast to tbe B- ancL K-band~‘~~’. In all solvents, 

2-nitrosopnenols exhibit the cnaracteristic.8-band of tne nitroso 

gro~p1~73-715nm)~i.e.tbey exist as tile true nitrosophenol tautomer 

witn the pr-ence ofsmall amounts of tne oxime tautorner(’5). The 

spectra of 1-nitroso-2-naphthol gave two bands of high and low 

intensities assigned as K- and B-bands,respectivelj‘26J. The C- 

nitroso group may be expected to show a weak band around 700nm due 

toe+.* transition‘27). In all our ligands under investigation no 

my spectral bands could be located for such transition i.e. the 

electronic spectra data exclude L%+T* traneition. It is reported 

that the Uv spectra cf p-hydroxybenzaldehyde in ethanol gave two 

stronK bands located at 230 and 300 On compaking the electro- 

nic spectra for the latter compound to that of 4-aldehydo-2-nitroso- 

phenol, in ethanol, remarkable features are noticed. These two bands 

230 and 300 IUD are blue shiftod to Be at 221 and 285 nm. &side tnis 

a new band Is formed at 338 M, w d C n  ie not existing in the parent 
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COMPOUNDS CONTAINING NITROSO GROUP 263 

pnenol. This could be explained on the prelrise of tne existing of 

tne compound in tne nitroeopnenol form witn tnn prediction of tne 

existence of tne oxime tautomer. dowever, tne 33M nm ban0 is aosent 

in tne otner solvents. 

The absorption spectra of 4-oromo-2-nitrosophenol, ana nitroso 

gallic acid, in aioxane, etnanol, IlP1.30 and n20, exnioit two Dands 

lying witnin the range Z?l-z)6 MI, and zbl-zag nm. Tne data are due 

t o  tne local excitation of the?(-system mainly of tne aromatic rings 

g i v i n g T - d  transition. In general tne electronic spectra snow tnat 

tne latter nitroso li&ande exist in solutions as tnt true nitroso- 

pneriol tautomer. 'tne first Dan0 ( L Z ~ - L J L  nm ) in both ligands is  

subjectea to DlUe snifts on going from dioxane, etiianol, Lnsu to r i  0 

respectively, iriaicating tne existence of an internal hydrogen bond. 

This cannot be interpreted as a non-localized b0nd.i.e. a reaonance 

hyoria is assumed to exist.The eecond oand(261-289nm) is subjected to 

red ahifts.1n presance of nydrogen bonding solvent8,a vary small red 

anifted is apparent.Thi8 can be attribdted to the predominant contri- 

Dution of polar structures StaDilized by solvent polarity,resulting xfi 

m 

+o/ H 

a batnochromic shi2t of the Dana8 concerned.The solvation ie a 

major factor to cause the appearance of new bands usually at higher 

wavelengths with a continuous shift to the red of the initial bands 

with increasing solvent polarity and hydrogen-bonding properties. 

4-carDOXy-2-nitrOSOphenOl gave tnree electronic spectral bands in 

fne wavelengtn range 254-24~,264-282 and 335-34'lnm. The first band 

is absent in presence 02 DMSO. The former Dand may De due to tne 

local excitation of the -system mainly of the aromatic rings 

giving% -T transition. In all solvent8,this compound exnibits 

the cnaracteristic 1)- and I[- bandb2').Also,the presence of an 

internal hydrogen Dond im supported by the characteristic Dlue 

mhift of its maximum in ethanol and water.resp6~tively'~~'. The 

presence of the oxime tautomsr is confirmed by the appbarance,in 

all solvents,the expected I-band in the region 335-347nm. Similarly, 
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264 MASOLID, EL-DESSOIIKY, AND HAGGAG 

4-acetyl-2-nitrosophenol gave e l e c t r o n i c  s p e c t r a l  bands ass igned  

t o T  -A*  t r a n s i t i o n  w i t h  t h e  t r a c i n g  o f  B- and K- bands.The aesigned 

band f o r  t h e  nitroso tautomer is much s t r o n g e r  than  t h a t  o f  t h e  oxime 

t o  v e r i f y  that t h i s  l igand  p e d o m i n a t e s  in t h e  n i t r o s o  r a t h e r  than  

t h e  0x ime .h  i n t e r n a l  hydrogen bond is i nd ioa ted  by the apprec iab le  

r e d  s h i f t  of t h e  e l e c t r o n i c  s p e c t r a  in presence  of noti-nydroxylic 

s o l v e n t s  as compare0 with e thano l  an0 water .  This l e t  t o  assume that 

t h e  accumulation of t he  cnarge  d e n s i t y  on the n i t r o s o  f u n c t i o n a l  

group d e s t r u c t s  t h e  in t r amolecu la r  hydrogen bond, to  d e p i c t  t h e  

$able 28 A,, for the ni t roeo liganda in  d i f f e r e n t  
eo lven te  

Solvents 
Ligand 

Dioxano Ethanol Dyso H,O - 
4-aldehyd0-2- 226(s) 221(s) 222(e) 
nitroeo-phenol 270( a) 285(e) 2k6(s) 286(s) 

3 N b )  

4-bromo-2- 236(8) 229(S) 224(m) 
nitroeo-phenol 283( a)  289(e) 286(e) 264(b) 

4-c BT bov-2- 2W(a) 236(e) 231)(s) 

344(b) r ( 7 W  3355(e) m(m) 
4-acetgl-2- 222(m) 226(w) 
nitroao-phenol 264(8) 270(e) 270(s) 270(e) 

310( ah) 3lO(sh) 
50% b) 49r(b) 494(e) 486(b) 

nltroso-phenol 276( ah) 282(w) 264(e) 276(eh) 

nitroeo-m-cresol 23Nw) 
294( 8 3w.9) 304(e) 500(s) 

4 l l ( b )  394ceh) 

~ 

ah a shoulder m = medium b -J broad 
a = etrong w = weak 
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COMPOUNDS CONTAINING NITROSO GROUP 265 

existence of tbe oxime tautomer.Nitroao pyrogallol gave bands lying 

witnin the range 245-246,280-285,304-330,358-364,378-380 and 438-445nm. 

The first region is subjected to slignt blue shift,wnere the other 

regions are red shifted on going from dioxane,ethanol a n d  DMSO, 

respectively. The first two region8 may be due to the local excitation 

of tne TI -system mainly of tne aromatic rings giving IT - T *transition. 

The 304-350nm expross the nitroso ta.utomer,alla tne last three 

regions express tho oxime tautomor. The second and the thira regions 

should be compsriole with the B- U l d  K- Dands,respectively. The 

hypsochromic displacement of the B- and K- Dana8 containing an 

internal hydrogen Dond in solvents from water to othanol'24'mi')rt 

be due to a partial roplacement of this Dond by an orternal hydrogon 

bond of the sol~ont("~) . S i m i l a r  situation is apparent on discumning 

tno olectronic spoctra of 2-nitroso-m-crssol.An internal hyarogon 

bond is prooaoly present and this compound exists mainly in tne 

nitrosophepol tautomor r i a  tho poesrolo erieteuce of tho OXMO 

skeleton in presence of ethanol. 

The only property of tm solvont whicn snows a reasonable 

aegree of correlation witn tne trairsirion o~rerey i u  the diolrcrric 

covebat. The plot of vormun D-l/U+l( P is the oiolecrric 

conetaat of tna solreut-t i~0,diorM.aimetnyls~pnoriae and otnauol) 

gives 11rroa.x relatioram i n  caso of 4-aluenyuo &.a 4-ace ~yl-ii-ni zuoso- 

ph*lrole,bnoru m e  uioloctr~c rorco 18 prcdomrnanr. Leviatioir occurs 

in preaouce of j-merhyl,~-oromo,~-caroory-L-niFrosopne~ols,nrrroso 

gallic acid and nitroao pyrogollol. rnia im ~II oviaenco to tnat a 

spocific aaoociation o ~ c ~ ~ ( ~ ~ ) .  

rho rmau1x.s air0 colloctoa An TaLle(2). 
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