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MAGIC SQUARE. 111. REVERSE 

NITROSONAPHTHOLS 

1 SO M ER I ZAT I0 N 0 F T R IS-CH EL AT E 
COMPLEXES OF COBALT (111) WITH 

S.I. TYUKHTENKO, V.I. KOFANOV, AND 
T.L. VRUBEL 

A.V. Dumansky Institute of Colloid 
and Water Chemistry 

Ukrainian Academy o j Sciences 
Kiev, USSR 

ABS iEiiA C T 

C!u-omatographic behaviour of i nd iv idua l  fac- atid 

rner-isomer of Co(I1I)  t r i s - c h c l a t e  complexes with 1,2- 

and 2 , l  -nitroaotiaphthols i s  s tudied.  Chelat ing reagents  

in e l u t i n g  mixtures aith a d d i t i v e s  of  carboxyl ic  a c i d s  

are  r e  taiiied i n o ~ t :  s t r o n g l y  tiia;i t h e i r  coiliplexes vu'ith 

cobal t .  Thc method of magic square i s  used t o  study the 

p r o c e s s  oi' f a c  mer. r e v c m c  izDmerization under the 

ir~lueiice of pho to i r r ad ia t ion  and te.ii9eratu.x-e. The WJ- 

p l i c a t i o n  of the  magic square method for i d e n t i f i c a -  

t i s n  o-i' ::tercochemical r i g i d i t y  oi> .nonri;idity of co- 

o rd ina t ion  compounds i c  shown t o  be poss ib le .  
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3104 TYUKHTENKO, KOFANOV, AND VRUBEL 

IiUiW D J C T I O i i  

1. t  was shown previous ly  that uiider two-dinensional 

chromatography wi th  the prcliiilinary W i r r a d i a t i o n  be- 

f o r e  each o f  them there  forms a square o f  fou r  spo t s  

o f  2-  and E- o r  syn- and a n t i - i s o n e r s  a t  ver texes  f o r  

th:: reverse-iuomerizing organic  compounds with mu1 t i p l e  

bonds /1,2/. Such a mode was c a l l e d  a magic square and 

i t  v;az used f o r  i d e n t i f i c a t i o n  of reverse- isorner iz i rg  

compounds with - N = I\T -, ,C = IT- and 

i n  mixtures  w i t h  o t h e r  organic  compounds. Reverse i s o -  

mer iza t ion  i s  t y p i c a l  not  only of the organic  compounds 

with unsa tura ted  bonus but a l s o  o f  t h e i r  che la t e  comp- 

l exes  with iuetals / 3 / .  I n  p a r t i c u l a r ,  oc tahedra l  comp- 

l exes  inay be isomerized r e v e r s e l y  both under the e f f e c t  

o f  temperature and oi^ p h o t o i r r a d i a t i o n  / 3,4  /. 

/ = C, bonds \ 

The t r ig -che la t e  oc t ahedra l  coinpleires o f  n i t ro so -  

naphthols with metals  a r c  cha rac t e r i zed  by s u f f i c i e n t l y  

high s t a b i l i t y  and high l i g h t  absorp t ion  i n  the v i s i b l e  

spectrum region ,  that permi ts  using -them i i l  the ana lys i s  

o f  metal  mic roquan t i t i e s  /!j/.Besides, they a r e  d isso lved  

w e l l  i n  weak-polar e x t r a c t a n t 8 . h  our opinion due t o  

these q u a l i t i e s  n i t rosonaphthol  che la t e  systems my be 

promising f o r  s epa ra t ion  and de termina t ion  of meta ls  

by the  method of l i q u i d  adsorp t ion  chromatography. The 

studies on behaviour of' t r i s - c h e l a t e  complexes of n i t -  

rozonaphthols  w i t h  Co (111) i n  the t h i n  l a y e r  have 
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MAGIC SQUARE. I11 3105 

shown t h a t  these co0rdinativel.y sa tu ra t ed  compounds a r e  

chromatographed as tvvo spo t s  c0rreJpondin.g t o  two geo- 

m e t r i c a l  isomers / G , 7  /. The p repa ra t ive  sepa ra t ion  by 

the method of th in- layer  chromatography ('I'LC) and in -  

v e s t i g a t i o n  of  the complexes by the h igh  r e s o l u t i o n  

'H and I 3 C  NhiR methods made i t  poss ib l e  t o  i d e n t i f y  

unambiguously f ac -  and nier-configuration o f  these i s o -  

mers / 7 /. When b o i l i n g  the mixture of' isomers or" 1,2- 

nit rouonaphtholate  Co (111) ano 2,l-nitrosonaphthol-ate 

Co (111) i n  toluene the e f f e c t  02 thermal i somer iza t ion  

towards mer--fac was observed i n  the work / 6 /. A s  i t  

was mentioned i n  such cases  the isorner izat ion may occur  

under the e f f e c t  o f  temperature,  pho to i r r ad ia t ion  and 

o the r  f a c t o r s ,  and ci i rect ions of the processes  under 

the  a c t i o n  o f  var ious  f a c t o r s  may bc d i f f e r e n t .  Such 

c i ' fec t s ,  cvi i ient ly ,  may lead  t o  considersblz  changes i n  

the r a t i o  o f  isomers i n  the process  OF t h e i r  s epa ra t ion  

and photometric d e t e c t i o n  and t he re fo re  t o  complexity 

of the procedure f o r  dcteiimination 0: fnetals  as che ld t e s  

by means o f  l i q u i d  adsorp t ion  chromatography. This vJas 

the reason f o r  i n v e s t i g a t i o n  of  r eve r se  ioomerizcl+' , ion  

of t r i s - c h e l a t e  complexes o f  Co (111) with ni t rosonaph-  

t h o l s  i n  oolut ione an'l i n  tho  adsorbed s t a t e  under the 

e f f e c t  of vaAous  f a c t o r s .  I'hc magic squzre method i ias 

used Tor s tudiea  oL' the iuomerizat ion processes ,  
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3106 TYUKHTENKO, KOFANOV, AND VRUBEL 

->, 7 > - .  ,rl nliiZr;iSIAL 

The gynthes is  of the cobal t  (111) complexes under 

study w a s  r e a l i z e d  according to the procedure / 6 / *  

The ethanol  s o l u t i o n  3f 1 -nitroso-2-naphthol (HL' 
3 ( I  g, 3 mol-eqv i n  100 cm ) was poured by d r o p s  du r i rg  

s t i r r i n g  t o  aqueous s o l u t i o n  of s o d i m  hexani t rocobal-  

t a t e  (111) (0.8 g, I mol-eqv i n  100 cm 1. After two-  

hour  stirring i n  the magnetic mixer the obtained sed i -  

ment vcas separated i n  the filter and dehydrated a t  

6OoC / 1 mm Hg. The cvnplex 0;" cobal t  (111) with 2-ni- 

troso-?-naphthol (HL") was obtained by the same way. 

3 

After  syn thes i s  the ind iv idua l  complexes were pu- 

r i f i e d  f rom nomeacted basic substances and by-products 

on the column ( @ =  3.4 x 36 em) filled with aluminium 

oxide (L 40/250, neu t ra l ,  Chernapol). Chloroform was 

used as an e luent .  The r a t i o  of complex-sorbent was 

1 : 500. The r e s u l t s  o f  C ,  II, B-elementary analyois 

correspond .to the brutto-composition Go : ligaiid = 

= 1 : 3 .  

The p repmat ive  separation of isomers  w a s  conduc- 

ted o n  tile ground glass p l a t e s  o f  200 x 200 mn s i z e  

nith the s i l i c a g e l  l a y e r  (LS 5/40, Chemapol) conta i -  

ning 13% gypsum. Si lLcagel  toge ther  with gypsum as a 

binding agent w a s  appl ied  as aqueous suspension by 

means of a device f o r  apply ing  t h i n  l a y e r s  t o  plane 

p la tes .  After drying t h e  p l a t e s  the l a y e r  th ickness  
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MAGIC SQUARE. I11 3107 

was 0.8 mm. Before usage the  p l a t e s  were prel iminary 

washed wi th  acetone, d r i e d  and e lu t ed  wi th  mobile 

phase. 

After  removal o f  t h e  so lvents  vapours 2-3 pl of 

t h e  sa tu ra t ed  s o l u t i o n  of t he  complex i n  chloroform 

were appl ied  as  a s t r i p  t o  the p l a t e  by microsyringe. 

The d i s t ance  of t he  band from the  p l a t e  ends w a s  1 cm. 

After  dry ing  the  p l a t e  was placed i n t o  t h e  chromato- 

graphic  tank prel iminary sa tu ra t ed  wi th  vapows  of t h e  

mobile phase and t:ien i t  w a s  subjec ted  t o  ckronatogra- 

phy i n  the  mixture of benzene : hexane : isopropanol = 

= 95 : 10 : 5. A s  a r e s u l t  o f  s epa ra t ion  two bands 

were obtained. Then these  bands were removed from the  

p l a t e s  and ind iv idua l  isomers were ex t r ac t ed  f ro= the 

sorbent  by chloroform. The e x t r a c t  w a s  evaporated i n  

t h e  vacuum r o t o r  evaporator  RVO-64. By t h i s  method t h e  

ind iv idua l  isomers o f  t r i s ( l , Z - n i t r o s o n a p h t h o l ~ t e )  

Co(II1) (CoLT3) were obtained, To separa te  isomers of 

t r i s ( 2 ,  I -ni t rosonaphtholate  Go (111) (CoLII ) the  men- 

t ioned above column w i t h  aluminium oxide prel iminary 

sa tu ra t ed  wi th  chloroform w a s  used. Af te r  i n t roduc t ion  

of isomers i n t o  the column 200 ml of the  mixture (hep- 

tane : chloroform : acetone = 7 : 2 : 1 )  were passed 

through the column w i t h  the subsequent e l u t i o n  o f  the 

ind iv idua l  isoners with benzene. 

3 

The s t r u c t u r e  o f  the prepara t ive  isomers was es- 

t ab l i shed  by a a l y z i n g  the  I3C - H and 'H NUR spe- 1'3 
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3108 TYUKHTENKO, KOFANOV, AND VRUBEL 

c t ra .  The ' H ( 2 0 0  MHz) and I3C (50, 33 UNz) TiIVE3 spect-  

ra  of  cornplexes i n  C D C l  and (CD ) CO were recorded on 

t h e  C W - 2 0 0  pu l se  Purier-spectrometer  ffBruker". Th'IS 

was used as an i n t e r n a l  standard.  The concent ra t ion  of 

t he  s o l u t i o n s  was 1-3 weight yo. Pig. 1 r ep resen t s  t he  

NlvIR s p e c t r a  of fac- and mer-isomers o f  CoLtt Since the  

fac-isomer due t o  t he  axis C3  has th ree  equivalent  che- 

l a t e  cyc le s  wi th  t en  magnet ical ly  nonequivalent carbon 

atoms, then  i n  t h e  I3C - VH) Iy1\IER s p e c t r m  10 l i n e s  

should be expected, t h a t  i n  r e a l i t y  is observed f o r  one 

o f  t he  isomers (Pig. Ib). In t he  spectrwn o f  mer-isomer 

CoLlt3 ( t h e  axis Cl) 30 carbon ( 3  s e t s )  s i g n a l s  may be 

expected t h e o r e t i c a l l y  due t o  d i f f e r e n t  na ture  of t h e e  

l igands ,  A s  i t  i s  seen from Pig. l a  t he  spectrum of 

t h i s  isomer c o n s i s t s  of  30 l i n e s .  The same p i c t u r e  i s  

c h a r a c t e r i s t i c  o f  t h e  H iUJH spec t r a  o f  CoL13 i s o a e r s  

depic ted  i n  Fig. 2. The h ighly  symmetric fac-isomer has  

a s i n g l e  set of Lines which evidences f o r  equivalency 

of t h r e e  coordinated anions.  In the case 02 low-symnet- 

r i c  mer-isomer a s e t  of t h e e  s i g n a l s  of equal i n t ens i -  

t y ,  each responding t o  one o f  th ree  l i gands  of' the  comp- 

l e x ,  is observed f o r  i s o l a t e d  H 3  and H 8  protons,Thus, 

p e c u l i a r i t i e s  of the considered I3C - PH) and 'H LOdR 

spectra permi t ted  unambiguously ident ixying  fac- and 

ner -s t ruc ture  of' the  i n d i v i d u a l  isomersv 

3 3 2  

3' 

1 

Isomerizat ion o f  t he  syn the t i c  mixture and of in -  

d iv idua l  isomers i n  the  t h i n  l a y e r  was conducted under 
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31 10 TYUKHTENKO, KOFANOV, AND VRUBEL 

I I I I I I 

9.0 8 .S 8 . 0  7 .s 7 . 0  6 .S 
PPM 

3 :  Figure 2. The '13 NViR spectra (200 IWz) in CDCl 

a) I-nitroso-2-naphthol; b) mer-isomer; 

c ) f ac-isomer 

the effect of photoirradiation and temperature on 

191erck11 If5721 (BDR) plates of 100x100 and 200x200 mm 

size and on Silufol-UV 254 (ESSR) plates (150x150 mm). 

Photoisomerization of the complexes in solutions was 

performed by irradiating solutions of individual iso- 

mers in toluene with the concentration of 0.05 mg/ml. 
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MAGIC SQUARE. 111 3111 

The p l a t e s  and quartz  c e l l s  wi th  s o l u t i o n s  were i r r a d i -  

a t e d  by v i s i b l e  l i g h t  us ing  the  i l l umina to r  w i t h  f i b -  

rous  l i g h t  guide OVS-I and lamp KGM 9-70 ( t h e  d i s t ance  

from the  l i g h t  source of the  objec t  was 1-2 cm) and a l -  

s o  wi th  UV l i g h t  from lamp SVD-120A ( t h e  d i s t ance  t o  

the  objec t  - 10-15 cm). Thermoisomerization on p l a t e s  

was performed i n  the  vacuum drying cabinet  LP-404/2 a t  

t h e  pressure  of lo1' mm Hg and temperature up t o  2OO0C. 

Af te r  the e f f e c t  o f  temperature the p l a t e  was allowed 

t o  s tand  i n  the fume hood f o r  5-6 hr before e lu t ion .  

Chromatography was conducted i n  the r ec t angu la r  tank 

wi th  s a t u r a t i o n  and 150 ml. e luent .  Af te r  chromatogra- 

phy the  p l a t e s  were thoroughly dried.  

Densitograms and e l e c t r o n i c  spec t r a  of d i f f u s e  

r e f l e c t i o n  (DRES) were rc corded on spectrodensi tometer  

KM-3 (Opton, BDR).The sl i t  o f  0.2-0,2x3.5-14.0 mm s i z e  

(depending on the  chosen spectrum range) was used f o r  

the  scanning of p la tes .  The recorder  s c a l e  was 0.5 V, 
s e n s i t i v i t y  o f  the a m p l i f i e r  - 1 : I. The a n a l y t i c a l  

wavelengths f o r  scanning were chosen from e l e c t r o n i c  

spec t r a  o f  d i f fuse  r e f l e c t i o n  rece ived  from spo t s  of 

fac- and mer-isomers of CoL* 

HI,! and HL11. For these  purposes the  substances i n  the  

quant i ty  of 0 . 5 p w e r e  appl ied  by a microsyringe t o  the  

p l a t e  %Ierclc~~ and theq they  were e lu t ed  i n  the toluene 

-formic a c i d  system. After drying the  e n t i r e  spe- 

c t r a  of DRES were recorded. The view of the e n t i r e  

and C O L I ~ ~  and a l s o  of 3 
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3112 TYUKHTENKO, KOFANOV, AND VRUBEL 

spec t r a  recorded w i t h  a s t e p  o f  I000 cm-' is given i n  

Pig, 3 ,  The absorp t ion  bands f o r  the scanning o f  p la -  

t e s  were chosen from the s p e c t r a  recorded wi th  a 

200 em'' s tep.  Their  vc lues  a r e  given i n  Table 1. 

FtESULTS A I L  3ISClJSSION 

A s  i t  was shown i n  in t roduc t ion  the nitrooonaph- 

t h o 1  che la t e  systems may be r a t h e r  promising f o r  the  
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a n a l y s i s  o f  metal  mixtures  as  t h e i r  che la t e  complexes 

by the method o f  l i q u i d  adsorp t ion  chromatography. At 

present  t h i s  method i s  in tenseve ly  developed f o r  o the r  

che la t e  systems / 8, 9 / The ex is tence  o f  geometri- 

c a l  isomers f o r  t r i s - c h e l a t e  complexes of d i f f e r e n t  

Lietrzls and i i i  p a r t i c u l a r  o f  f ac -  and ner - i sosers  of 

C o L f j  and CoLtt 

the l i q u i d  adsorption-chromatographic sepa ra t ion  and 

determinat ion of  meta ls  i n  the t h i n  l a y e r ,  The men- 

t ioned f a c t  r e s u l t e d  i n  necess i ty  o f  d e t a i l e d  i n v c s t i -  

g a t i o n s  of chronatographic p r g p e r t i c s  of i nd iv idua l  

isomers and the  e f f e c t  of' i somer iza t ion  on analytical 

behaviour of CoL' and CoL" 

no t iceably  complicates the process  o f  3 

3' 3 
I n  the f i r s t  p lace  the lif va lues  were determined 

3' on 'liderckll p ln teo  f o r  i nd iv idua l  isomcrv o f  fCoL'  

rnCoLf3, rCo lP3 and mCoLfl s e w r a t e d  by the method o f  

the prepara t ive  th in- layer  chroinatography and f o r  ba- 

s i c  chelate-forming r eagen t s  iIL' and HL". The e l u t i o n  

was performed i n  ind iv idua l  so lven t s  follonilng the Be- 

r i e s  descr ibed i n  / 10 / 8s well  as i n  binary mixtures 

w i t h  the  use of a background so lvent  and p o l a r  a d d i t i -  

ves  t o  i t  i n  the quan t i ty  of 3-203 i n  such a way t h a t  

t he  df values  should be witn in  0.1-0.9. The r e s u l t s  

obtained a r e  g iven  i n  Tables 2 and 3. The ana lys i z  of 

the ddta on chronatographic mobi l i ty  i n  one-component 

cllxents (Table 2 )  permits  concluding t h a t  the  che la t e -  

3 
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forming reagents  HL' and HL" as wel l  as t h e i r  cornple- 

xes  COL' and CoL" a r e  r e l a t e d  t o  compounds o€ the  

average polarity.They a r e  e l u t e d  by a group of uoLvents 

w i t h  the  Snyder p o l a r i t y  c r i t e r i o n  

0.5, I t  ought t o  note that such an e luen t  as dichloso-  

inethane completely sepa ra t e s  between themselves fac- 

and ner-isomers of CoL' and CoL" Disadvantage o f  

dichloromethane a3 a n  e luen t  i s  i t s  i n s t a b i l i t y  

i n  time t o  d i f f e r e n t  t ransformations,  I n  t h i s  

case more p o l a r  components a r e  accumulated and an i n -  

c rease  i n  the chromatographic mob i l i t y  o f  s p o t s  as 

wel l  as a dccrease i n  a degree of isomer sepa ra t ion  

a r e  observed. Besides,  i n  dichloromethane and a l so  i n  

1 ,2 -dichloroe thane 1 - n i t r o  so  -2-napht ho l  i s  e l u t e d  be t - 
ween fac- and mer-isomers o€ i t s  che la t e  wi th  Co (LI1). 

The spot o f  HL' wi th  the washed-out f r o n t  overlaps p a r -  

t i a l l y  the zone o f  fac-isomer 0:' CoLf3 .  Thus, a l l  i n -  

d iv idua l  eluenis presented i n  Table 2 do not permit 

separa t ing  cornple t e l y  the six-component mixture (CoL' + 
+ -t HL' and HL"). I n  order  t o  o b t a i n  s a t i s f a c t o -  

r y  sepa ra t ion  of t h i s  mixture a search  f o r  binary elu- 

t i n g  mixtures  was made. L'oluene vdas chosen as a back- 

ground solvent  and then ketones,  a c e t a t e s  and o t n e r  

po la r  so lvents  were added t o  i t .  I'he r e s u l t s  o f  s e l e c -  

t i o n  of such systems a r e  g iven  i n  Table 3. 

3 3 

Eo equal led 0.3- 

3 3' 

3 

L t  should be noted tha t  accorciing t o  the chroma- 

tographic p r o p e r t i e s  the te rnary  mixture ilL' + fCoLt3 + 
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+ mCoLt d i f f e r s  considerably from t h a t  of IIL" 

+ mCoLtl A s  i t  was i nd ica t ed  i n  d i scuss ion  o f  
3 

3' 

31 19 

-t fCoL"+ 

the da ta  
3 

from Table 2 i ILt  and one of  the isomers (fCoLt3 o r  

mCoLt 1 a r e  a c r i t i c a l  p a i r  i n  the six-component sys- 

tern. I n  t h i s  connection sepa ra t ion  0," IILt and isamers 

of' i t s  complex with Co (111) would be considered nore 

in d e t a i l .  A s  i t  i s  oeen from the Table an inc rease  i n  

p o l a r i t y  o f  the add i t ive  i n  thc b inary  :aixture as corn- 

pa red  n i t h  e l u t i o n  i n  pure 'tolucnc l e a d s  t o  a gradual  

decrease i n  mobil i ty  o f  HL' r e l a t i v e  t o  i t  mer-isomer. 

I n  t h i s  case conditioiis  arc achieved ai:en HL' i s  e lu-  

t ed  bet+een fac-  and mer-isomers o f  CoL' F o r  ins- 

tznce,  i n  the rnixture o f  toluene : HCOQH = 97 : 3. A 

subsequent increase  i n  the formic a c i d  content i n  this 

mixture l o n e r s  mobi l i ty  t o  a g r e a t e r  ex ten t .  I n  the 

mixture of toluene : H C O O B  = 94 : 6 the Iif value f o r  

HL' i s  a l ready  much lower than t h a t  f o r  fac- and ner -  

isomers o f  CoL' A s  t o  HLn and f ac -  and mer-isomers 

of' CoL" the iIL" oepera t ion  f r o m  isomers o f  CoL" i s  

reached i n  any of thz s tud ied  binary mixtures,  However, 

i n  t h i s  case t h e  e f f e c t i v e  sepa ra t ion  between fac- and 

mer-isomers may be obtained only i n  mixtures  w i t h  H- 

a c i d s  (dichlorome thane I ,  a lcohols  (butanol-2) and car -  

boxylic a c i d s  (IICOOH).  

3' 

3' 

3 3 

Thus, t h e  toluene-3COOH mixture i n  the vnlur:ic ra- 

t i o  o f  94 : 6 i s  the n o s t  e f f e c t i v e  system which per- 

mits n o t  only scparu t inq  all c o n s t i t u e n t s  o f  the  six- 
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3120 TYUKHTENKO, KOFANOV, AND VRUBEL 

component system but a l s o  rc tainin:.; s t rong ly  HLf and 

I-IL" as cornpared t o  CoL' anc CoL" Densitogram of the 

t e s t  mixmrc sepa ra t ion  i l l  the  fouad e luen t  i s  presen- 

ted  i n  Pig.  4a. Here the value o f  r e so lu t ion ,  HS, f o r  

fCoLf3 and mCoL' i s  0.68, while for fCoLtt3 and 

mCoL*l - 1.23. Densitogram of  the six-component mix- 

t u re  sepa ra t ion  i n  dichlorome thane i s  a l s o  presented 

i n  the same f igu re .  The Ks value was ca l cu la t ed  from 

dens i tograas  according t o  / 11 /. A s  i t  has  been i n d i -  

ca ted  a s a t i s f a c t o r y  sepa ra t ion  of the six-component 

mixture may be a l s o  obtained i n  dichloromcthane but as  

d i s t i n c t  from the  toluene : i IC0OB mixture HL' i s  e l u t e d  

3 3' 

3 

3 

i n  i t  between fac-  and mer-isomers, thus  making the 

a n a l y s i s  o f  c h e l a t e s  wi th  the reagent  excess  d i f f i c u l t .  

However, t o  separa te  the  mixtures  of CoL' and CoL'I 

isomers i n  the  absence o f  ELr  i t  i s  more convenient to  

use the p u r i f i c d  dichloromethane because the e l u t i o n  

r a t e  i n  i t  i s  h igher  as aga ins t  t o  the toluene : 6COC)H 

e luen t  and i t  is e a s i e r  t o  remove L t  from the p l a t e s .  

Uue t 3  i t  we have uscd dichlorometnane f o r  stuctiea on 

reverse  i somcr iza t ion  o f  c o q l c x c s .  

3 3 

Using  .the data o f  Tables 2 and 3 i t  i s  poss ib le  to  

conclude taat the ckromatographic behaviom 01 cr ie l s tes  

d i f f e r s  considerably Prom mat oi' Lhc che la t ing  rea-  

gents .  A s  i t  i s  known chromatographic mobi l i ty  of  sub- 

s tances  i n  the  e luo t rop ic  swiss should i nc rease  / l o / .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



MAGIC SQUARE. IIr 3121 

5 2 

1 

6 

J 
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A 

Figure 4. Dens i togrms o f  the  six-component mixture o f  

HL1 (I) ;  HL" (2); fCoLt3 ( 3 ) ;  mCoLf3 ( 4 ) ;  

~ C O L " ~  ( 5 ) ;  mCoL1' 

A) toluene : IICOOH = 94 : 6; 

B) dichloromethane 

- 
( 6 )  i n  e luen t s :  3 D
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i n  d i e t h y l  e the r .  Then a n  i n s i g n i f i c a n t  r i s e  of  Eo(H-acids) 

l e a d s  t o  sharp changes i n  chromatographic mobil i ty .  This 

e f f e c t  i s  more considerable  f o r  XL" (Rf drops from 0.9 

to  0 . l ) t han  f o r  HLI- (iif drops f r o m  0,9 t o  0.5). The ex- 

p l anz t ion  t o  such an anomalous behaviour o f  HL' and HL" 

mobi l i ty  w i l l  be,  probably,  f i n d  i n  p r o p e r t i e s  o f  t h e i r  

che la t e  ring, i .e .  in p r o p e r t i e s  of  in t ramolecular  

(IHB) and in te rmolecular  ( I i H B )  hydrogen bond formed by 

NO and OH groups. 

The ex is tence  of  rotomeric  equi l ibr ium between 

conformers wi th  IHB and IbMB i s  observed f o r  s o l u t i o n s  

of HL' i n  the work / 12 / : 

t solvz @; - H . . . solv 

H H H H  
B 

H&5u" 
A 

The use of so lven t s ,  being s t rong  acceptors  of hydrogen 

bond, l e a d s  t o  it d e s t r u c t i o n  o f  LHB o f  1,2-nitrosonaph- 

thol., t o  an increase  i n  the t ransformation r a t e  of 

k S B  as  wel l  as t o  changes i n  the populat ion of con- 

formers. Conformer B having no 1HB during so lva t ion  by 

these so lven t s  i s  s t a b i l i z e d  more s t rong ly  and i t s  con- 

t e n t  r e l a t i v e  t o  that  i n  nonsolvating media grows consi-  

derebly.  The same equi l ibr ium i s  observed i n  s o l u t i o n s  

o f  2 , l  -nitrosonapht hol as  we l l ,  the only d i f fe rence  

i s  t h a t  the moiety of conformer without IHB i s  much 

h igher  here .  The HL' and HL" molecules on tne hydroxy-  
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l a t e d  sur face  of  s i l i c a g e l  cons i s t ing  of nonpolar e lu-  

e n t s  a r e  adsorbed i n  a f o r m  of A with I H B  producing, 

ev ident ly ,  $-complexes wi th  s i l a n o l  groups. With an 

inc rease  i n  e luen t  p o l a r i t y  I H B  breaks with the produc- 

t i o n  OP s t ronger  complexes a t  the expense o f  the forma-  

t i o n  of IMHB wi th  s i l a n o l  groups o f  the surface.  '!?his 

l e a d s  t o  a s t ronger  r e t a i n i n g  o f  che la t ing  reagents .  

Thus, i n s t ead  o f  the expected r i s e  o f  the df value with 

an inc rease  i n  the so lvent  p o l a r i t y  the itf va lues  for 

HL' and HL" decrease.  The s imi la r  behaviour ol" naphtho- 

quinones hydroxy-derivatives was descr ibed i n  / I 3  /. 
The au thors  consider  t h a t  the abnormal chaiigtts i n  mobi- 

l i t y  i n  the e luo t rop ic  s e r i e s  i s  D diagnos t ic  t e s t  f o r  

che la t ing  and nonchelat ing hydroxyl groups. 

A s  t o  chromatographic behaviour of complexes no 

abnormal i t ies  connected with the dzpendence o f  the  Rf 

values  on the e l u t i n g  a b i l i t y  of so lven t s  a r e  observed 

for them. However, the process  o f  chromatography of  tine 

che la te  complexes becomes more complicated, t h a t  i s  as- 

soc ia t ed  t o  a considerable  ex ten t  with the p o s s i b i l i t y  

of reverse  i somer iza t ion  of the Pac mer type. The 

e f f e c t  of i somer iza t ion  on thc ckromatographic behaviour 

ol" the che la t e  complexes OP CoL' and CoL" i s  s tud ied  

by the magic square rnethod.3or t h i s  purpose so lu t ions  

of  the both complexes viere appl ied  t o  one poin t  and 

chromatogral)hed i n  dichloromethane. Inen they were ac- 

3 3 
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ted upon by temperature o r  i r r a d i a t i o n  with v i s i b l e  o r  

IJV l i g h t  and rechromatographed i n  the d i r e c t i o n  perpen- 

d i c u l a r  t o  the previous one.Y'he r e s u l t s  obtained a r e  

given i n  P igs  5B and 5 C .  Here i n  Pig.5A the r e s u l t  of 

trio-dimensional chromatography without an a d d i t i o n a l  

a c t i o n  before the second e l u t i o n  i s  presented.As i t  i s  

seen (P ige  5 A )  the spo t s  a r e  arranged on a diagonal  o f  

the  square chroniatographic p l a t e .  I n  the case depic ted  

i n  Fig.  5B one can observe two s p o t s  f o r  each o f  the  

complexes a f t e r  the  f i rs t  chi?omatography,dechromatog- 

raphy a f t e r  pho to i r r ad ia t ion  shows t h a t  under the e f f e c t  

o f  v i s i b l e  l i g h t  each spot  corresponding t o  i nd iv idua l  

isomer d iv ides  i n t o  two spots,Thus, photoisomerixation 

causes  the formation o f  a f i g u r e  with f o u r  spo t s  a t  

ver texes .  dv ident ly ,  fac-isomers were p a r t i a l l y  isome- 

r i z e d  i n t o  mer- and mer- p a r t i a l l y  passed i n t o  fac- iso-  

mers, I n  o rde r  t o  prove the a u t h e n t i c i t y  o f  t h i s  fact  

we have conducted not only  i d e n t i f i c a t i o n  o n  co inc i -  

dence of the ~2~ va lues  but  also measurements of Dih'S 

of substances which were obtained due t o  isomerizat ion,  

Coincidence of D R B  and the  df values  with the spec t r a  

and the df values  of CoL' 

isomers w i l l  unambiguously evidence f o r  i d e n t i t y  o f  

these compounds /14,15/.  DRES oi' i nd iv idua l  isomers 

(Pig,  3 )  were obtained f r o m  the p l a t e  presented i n  

Pig.  5A. Spec t ra  of  the C O ~ ~ Q U ~ S  corLiesponding to  spo t s  

and CoL" of  f ac -  and mer- 3 3 
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A C 

Figure 5. Two-dimensional chromatograms and t h e i r  den- 

s i t og rans  f o r  CoL' and C O L " ~ :  

A )  without the e f fec , t ;  
3 
I 

B )  with v i s i b l e  l i g h t  i r r a d i a t i o n ;  

c )  temperature e f f e c t .  

I'Jwneration on densitograms corresponds t o  

numbers o f  scaaning t r a c k s  
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with Hf equal led the 'if values  of  f ac -  and mer-isomers 

completely coincided by the l o c a t i o n  o f  the a b s o q t i o n  

band maxima and the r a t i o  of i n t e n s i t i e s  with the spec- 

t ra  presented i n  Fig, 3 .  

'The r e  ve r se i so  me r i z a t i  on of t ri s -c he 1 a t e co mp 1 e - 
xes  o f  CoL' and COL'~ was observed not only under the 

e f f e c t  o f  v i s i b l e  l i g h t  but a l s o  due t o  W i r r a d i a t i o n .  

The e f f e c t  a f t e r  the first e l u t i o n  of W l i g h t  f o r  1 h 

on p l a t e s  with isomers l e a d s  t o  the appearance of a 

d i s t i n c t l y v i s i b l e  square a f t e r  the second e l u t i o n  i n  

the perpendicular  d i r e c t i o n .  It  i s  impossible to  p ro -  

l o n g  more than f o r  1 h the i r r a d i a t i o n  e f l e c t  i n  the 

UV reg ion  s ince  most of che la t e  complexes a r e  not e lu-  

ted  a f t e r  the i r r a d i a t i o n ,  

3 3 

Besides,  we have s tudied  the p o s s i b i l i t y  o f  i s o -  

mer iza t ion  f o r  CoL' and CoL" conplexes i n  s o l u t i o n s  

with the use of i r r a d i a t i n g  the ind iv idua l  isomer so-  

l u t i o n s  i n  chloroform by v i s i b l e  l i g h t  and i n  toluene - 
by UV l i g h t .  A f t e r  one-dimensional chromatography of 

spo t s  appl ied  t o  the p l a t e  o f  the i r r a d i a t e d  s o l u t i o n s  

the appearance of toe second spot  was observed f o r  

bas ic  f a c -  and mer-isomers. The 'if va lues  and DRES 

of s p o t s  made i t  poss ib l e  t o  i d e n t i f y  them a s  mer-iso- 

Iners i n  the case of bas ic  fac- and a3 fac-isomers i n  

the case of the bas ic  mer-. 

3 3 

Thus, due t o  the scudies  conducted we have r e -  

vealed the phenomenon of r eve r se  i somer iza t ion  o f  
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Co (111) tris-chelate complexes with 1,2- and 2,l-ni- 

trosonaphthols in oolutions and on hydroxyl surface of 

chromatographic plates with the silicagel layer under 

the effect of both visible and W light, 

The revealed effects of photoisomerization in so- 

lutions and on the surface evidence f o r  the possibili- 

ty of isomerization under the influence of temperature 

which proceeds not only in solutions as it was previ- 

ously established in / 6 / but also on the surfaceelhe 

magic square obtained due to thermal isomerization is 

given in Pig. 5 C .  In order to prevent oxidation and 

decomposition of chelates we have conducted thermoiso- 

merization on plates in vacuum at the pressure o f  

10” mm Hg. A comparison of peaks of fac- and mer-iso- 

mers on densitogrms of Pigs 5B and 5C shows that for 

the same time of action (4 hs) a greater degree of 
transformations is observed in case of thermal iso- 

merization than in case 02 photoisomerization. this is 

valid o n l y  for the temperature above 150°C. At lower 

temperatures the products of isomerization are not 

observed on the surface for the same time. Evidently, 

the reverse-isomerization rate is rather low at tem- 

peratures below IOOOC. A low rate of isomerization 

under these conditions is typical of the solutions as 

well, In lJMd experiments of ’H and I3C no signs of 

shifts of tne fac ~ m e r  equilibrium o r  changes in its 
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3128 TYUKHTENKO, KOFANOV, AND VRUBEL 

r a t e  were observed when the temperature of the equ i l i -  

b r i m  mixture i n  CDCl 3 3 2  and (CU ) CO rose up t o  6OoC. 

Thus, our  s tud ies  have revealed reverse isorneri- 

za t ion  o f  the fac  s m e r  type f o r  t r ia -che la te  comple- 

xes of  CoL' and CoL" i n  so lu t ions  and i n  the adsorb- 

ed s t a t e  on the hydroxyl surface of s i l i c a g e l  both un- 

de r  the e f f e c t  of photo i r rad ia t ion  and temperature. Ap- 

p l i c a t i o n  to  the p l a t e  o f  individual isomer and subse- 

quent two-dimensional chromatography with photoirradi-  

a t i o n  o r  thermal e f f e c t  e i t h e r  i n  the vacuum o r  i n  the 

3 3 

i n e r t  medium before each e l u t i o n  r e s u l t s  i n  the o r i g i n  

of magic square. For t r ie  immer mixture formed 

during synthesis the magic square a r i s e s  under the 

single ac t ion  on spots  only before the second elution. 

11: there i s  no photo- o r  thermal e f f ec t  the s p o t s  o f  

CoLV3 and CoL" 

agonal. 

isomers a re  arranged on the square d i -  3 

A t  f i r s t  the magic square method was suggested to  

i d e n t i f y  the reverse-isomerizing substances i n  mixtu- 

r e s  o f  organic compounds. A s  follows f r o m  the r e s u l t s  

of t h i s  paper such a procedure may be used f o r  i den t i -  

f i c a t i o n  of  stereochemical r i g i d i t y  ( o r  nonr ig id i ty)  

o f  chelate complexes of  organic  compounds with metals 

which are able t o  be  iso,,ierized. 'Ihe studied 

che la tes  o f  CoL' and CoL" should be considered as  

stereochemically r i g i d  i n  the chromatography sca le  
3 3 
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since they are chromatographed as compact s p o t s  and a re  

arranged on the square diagonal (Fig. 5 A ) .  Accordine; to  

/ 14 / these compounds should be a t t r i b u t e d  to the so- 

ca l led  "slow complexes" since reverse i soner iza t ion  

f a c  st mer under ordinary conditions O C C W B  slowly 

that i t  i s  possible t o  i s o l a t e  and study the individu- 

a l  isomers. 

Thus, the magic square method without addi t iona l  

ac t ions  before chromatography may be successfully used 

as a r a t h e r  simple and v isua l  technique t o  determine 

stereochemical r i g i d i t y  (nonr ig id i ty)  of coordination 

compounds. I n  the  case when the square i s  not formed 

a f t e r  the second e lu t ion ,  i .e. when the isomer s p o t s  

a re  arranged on the p l a t e  diagonal we have reasons t o  

s t a t e  that isomers a re  stereochemically r i g i d  i n  the 

chromatographic sca l e ,  and therefore,  under these con- 

d i t i o n s  (temperature, i l lumina t ion)  they may e x i s t  as 

individual ones f o r  a l o n g  time. If we observe the  

existence o f  the magic square a f t e r  the second e l u t i o n  

i n  the perpendicular d i r ec t ion ,  then the complexes a re  

stereochemically nonrigid and under these conditions 

cannot be obtained as individual isomers. 

Besides ,  t h e  magic square inethod i n  coinbination 

with spec trorienai tome t r y  mt,y be used f o r  qua l i t a t ive  

and quant i ta t ive  s tud ie s  on t h e  reverse isomcrization 

processes of coordination compounds i n  the thin-layer 
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3130 TYUKHTENKO, KOFANOV, AND VRUBEL 

and in solutions both urider the effect of temperature 

and irradiation by visible and W light. 'Po characte- 

rize relative stability of isomers in the fac - - mer 
equilibrium mixture the value of isomerization cons- 

tznt, Ki, is used as a rule: 

d li sac+ rner 
h met- 5°C 

- [ mer CoLJ I 

Ki - [ g a C  COLJ ]  
If the complete energies of fac- and mer-isomers a r e  

equal, then Ki = 3 ,  since under statistical distribu- 

tion of populations three coinplexes of mer-structure 

f a l l  on one complex of fac-structure. According to 

spectrodensitometry Ki = 1.27 and 0.82 for CoL' 

CoL" respectively, Consequently, fac-isomers of these 

complexes are more stable. 

and 3 

3' 

The magic square method peruits investigating the 

temperature dependence of Ki.Tn this case it is neces- 

sary to obtain the equilibrium state which shoulci be 

achieved only by long  exposition of plates at the cho- 

sen temperature.However,the studied system of complexes 

may be obtained easily in the experiment in the state 

far from being equilibrium and it is possible to cal- 

culate the rates of kfac--,mer 

cesses 

pro - and kmer 3 fac 
and then to determine Ki as well. 

As f o l l o w s  f r o m  Figs 5B and 5 C  the square of four 

spots appears under photo and thermal isomerization 

after the second elution. This evidences for the ef- 
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f e c t i v e  process of photo- and thermal isomerization o f  

individual isomers both i n  the forward and back direc- 

t ions.  I n  other words, the e f f ec t  of l i g h t  and tempe- 

r a t u r e  increases the r a t e  o f  both the forward and 

back reac t ion  and, on the whole, mobility of  l igands  

i n  the CoL' and CoLtt3 complexes r i s e s  considerably, 

This i s  typ ica l  of isomerization both i n  the th in  lay- 

e r  and i n  so lu t ionso  The absence of d i f fe rences  i n  the 

d i r ec t ion  of thermal and photoisomerization o f  comple- 

xes ind ica t e s  the same type of po ten t i a l  energy sur- 

faces  f o r  the ground and excited s t a t e s .  

3 

The revealed reverse t r a n s i t i o n s  of t r i s -che la te  

complexes of  Co (111) with 1,2- and 2,l-nitrosonaphthols 

under the e f f e c t  o f  v i s i b l e  and UV l i g h t  and a l s o  of 

temperature should be taken in to  account i n  pur i f ica-  

t ion ,  ana lys i s  and chromatographic separation of the 

complexes. These e f f e c t s  should be taken in to  conside- 

r a t i o n  and used vJhen developing extraction-and-thin 

layer  chromatographic methods f o r  determining cobalt  

and other metals i n  aqueous media a s  t h e i r  n i t roso-  

naphthola t e  chela t e s  . 
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