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Abatrect - The l i t e r a t u r e  concerning i,iO-phenanthrolina end - 
i t 8  eomplexe8 hew been raviwwwd w i th  respect t o  t h e i r  r e a c t i v i t y  

and propertie.. n 

Chaaicml r e a c t i v i t v  

Among reactions of 1,iO-phananthroline (phwn), a t  f i r a t  i t w  protonation 

ought t o  be mentioned. Thiw proceee can be performed i n  NeCl aqueou8 wolutione. 

Protonetion conmtentw have been detarminated potent iometr icel ly .  A c t i v i t y  cone- 

tent8 o f  phen and phenium i 6 n  are given '. Aleo the protonation o f  phan i n  

C160# i w  reported. I n  th ia  t o t a l l y  wnhydrouw medium the protonation involve8 

two proton.. a 

In the atudy of aubwtitutwd phone, the oxidet ion o t  2-methyl- and 

2-chloro-phsna waw ca r r ied  out.3 23lethyl-phen reacts w i th  HZOz i n  Acon t o  g ive 

286 mixture of two mono-N-oxides: 

*' Thie paper $8 a cont6nuation of a former one (Hat8rocyclwa 1979, g, ~0.4,529) 
dealing math polyarwphenenthrwnea. 



whi le 2-chloro-phen i n  a  a i m i l e r  react ion y ie lde  a  hydro lys is  product (1) - 

The 'H NMR epact re l  data o f  eyntheeizad compounde ere given. 3  

To inves t iga te  oxygen atom tranefer react ion8 i n  enzyme eyeteme, the d i -  

r ec t  ox idat ion o f  arenae and ezaerenee wee etudied." The epoxide (2) wae prepa- 

red under m i l d  condition. in , high y i e l d  by t rea t i ng  phen w i th  aqueoue eodium 

hypochlor i te i n  the preeence o f  e  phaee t ranefer  cate lyet .  I n  t h i s  novel epoxi- 

dat ion react ion none of the corraeponding N-oxidem could be detected. 

2 - 
The mechanism of  the above reac t ion  i s  of  i n te ree t ,  erene oxides being i m -  

p l i ce ted  ee intermediatee raeponeible f o r  carc inogenic i ty  and mutagenici ty of po- 

l y c y q l i c  aromatic hydrocerbone. 4  

I n  ePita of a  reeiatency of phen t a a r d e  e lectrophi lee,  methods o f  i t e  d i r e c t  

ch lo r i na t i on  and broainat ion under m i l d  condit ione have been reported. 

Ch lor ine t ion  performed w i th  a  mixture o f  t h i o n y l  and e u l f u r y l  ch lor ide,  a t  

66-6e0, resu l ted  i n  (3) and (4) r - - 

Treatment o f  (3) w i t h  conc. e u l f u r i c  ac id  y ie lded (B), which reacted w i t h  - 
o-phenylenediamine t o  g ive  (6). end w i t h  e l ke l i ee  t o  g ive ( 7 )  v i e  a  b e n z i l i c  aoid - - 
type rearrangement. 
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conc. H2S04 
3 - 

The NMR and mame spectra are reported. 

The d i r e c t  bromination o f  phen wee ca r r i ed  out w i t h  bromine i n  t h l o n y l  chlo- 

r i d e  t o  g ive as products 3-bromo-, 5-bromo-, 5.5-dibromo, 3.5.6-tribromo- 

end 3.5.6.8-tetrabromo-phm. The 'H NMR spectra ere reported. 

I n  the quaternizet ion reac t ion  of  5-methyl-phen, there wee obteined e mix- 

tu re  of two methiodidee (8) end (9). i n  the 213 ra t i o .  
7 

d 

1- & 0 0 Ma1 i n  .02 * @ 
0 0 + 

rmf l u x  
e Ma 

The NMR epect ra l  data ere preeented. 

In the reao t i on  of phen-NiBxide w i t h  the oarbanion o f  dimefhyl aulfoxidp, 

azaphenanthreneo were formed 'I 

The r e e c t i v i t y  o f  phene, free, end i n  the prseence o f  some mete1 Lone 

(Ru 11. Fa 11, Co 11, Co 111) hae been compared# there was ehown the a l t e r a t i o n  

of reac t ion  p r o t i l e  by metal lone. 9 

E.g.. coupl ing 04 bensenediasonium i o n  occurs w i th  [ ~ e ( ~ h e n ) ~ ] ~ + ,  end not 

w i t h  the f ree  phen. Nitreti0.n of [ ~ o ( p h e n ) ~ ] ~ +  wee found t o  be about one hun- 

dred timee fes ter  then tha t  o f  f ree  ligend.10 N i t r a t i o n  o f  [ ~ o ( e n ) ~ ( p h e n ) l ~ +  

(en I ethylenediamine) 



occure i n  a few meconda. During t h i e  react ion, the oxidat ion of phen t o  6.6-dione 

aleo took place, especially i n  the praeenco of bromide ione. 11 

The reduction of 6-nitro-phen can be ca r r i ed  out w i t h  eodium borohydride:' 

H-NH N=N 

the study ei r e a c t i v i t y  o f  phen-6.6-dione, i t  wee oxid ized by H202 t o  g ive 

2.2'-dipyridyl-3.3'-dicarboxylic acid. 

N coo- 

Other react ions o f  phen-6.6-dione are: 

Convereion of phen-6.6-dione by OH' i o n  t o  4.6-diazafluoren-9-one (13) - 
occur. v i a  (10). (11) and (12). a route which i e  eeeent ia l l y  the eame ee thar - - - 
known t o r  phenanthrenequinons, i.8. a b e n z i l i c  rear rangement , fo l lmd ~y decarbo- 

xy la t i on  and concurrent oxidet ion, a l l  accuring i n  solut ion.  
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In ~. the case of the heterocyolic (13), the docarDoqlation la spontaneous. 

Chemical raactivitiee of phe~5,6-dione and (13) were inveetigated in the 
preeence end absence of metel ions. The rasults for the chemical interconversion 
of optically active phen complexee are presented end UV, CD and maee spectre 
diecueeed. 9 

New cyclic li and8 involving phen unite bridged in the 2.9 poeitlone heve 
been eyntheeired.iq The bridge. involve chains of different lenghte end crown 
ether type oligo(ethyleneglycol)unite. ~g' and tig'' complexee have been ieolated. 
The eynthaeie proceed8 a8 follare: 

gcl diol or dithiol 
in the presence of NaOH 
in 3-methyl-butanol-1 p,"' bridge - 

ref lux 

For inetence, the new cyclic ligande a h o m  in the following chart were obtained: 

X - 0 , s  n - 6 . 8  

Thermal dimariletion of phen derivatives givee riee to mecrocylic coapound8, 

0.9.: 

- 
93.6% yield 

Similar condensations of 2.9-diemino-phen d o n a  or as o mixture with 2.9-di- 

chloro-phen have been performed. Above reactions were studied by differential 

thermel anelyeie.i3 



Propert ies 

Crys ta l  and molecular s t ructure* OF phen end i t s  hydrate were determined by 
the R map method and re f ined by l eas t  e q ~ e r e e . ' ~  Meso epectre of  phen d e r i v e t i -  
wee ere reported '. The I R  Is and fa r  I R  spectra of phen e t  l i q u i d  helium 
temperature ere deecribed. 

I n  the study of photoreduction of phen, the e f fec te  of solvent p o l a r i t y  on 
the fluoreecence proper t ies  of  phen i nd i ca te  the close prox imi ty  o f  the (n,nM) 

end ( ~ , 7 $ )  exc i ted  e ing le t  etetee, the loweet t r i p l e t  e ta te  being , i n  
a l l  e 0 1 v e n t e . ~ ~  

There were inveet igeted var le t lone of quantum y i e l d s  of fluoreecence o f  the 

s ing l y  charged ca t ion  and neu t ra l  epeciee derived from phen w i th  pH. 16 

In the atudyofphoto-Fries rearrangement, the SCF-SC (/3*)-LC1 calculet ione of  

the abeorption and fluoreecence mexima o f  phen were performed. i s  

The e f fec t  of  z inc lone on the lumineecence, fluorescence end phosphoree- 

cence of phen wee examined 20. 

I nvee t i ga t i om cf NMR epectre of eubet i tuted phene inc luded calculat ione of 
,,long range" ef fects,  ouch ee magnetic anisotropy and e l e c t r i c  f i e l d  a f f e c t  of 
etome and etom groupe on r i n g  protone. The result. have been appl ied t o  determine 

the 7T e lec t ron  deneit iee.* l  
The e lec t ron  epin densi ty  a t  the a l k a l i  nucleue i n  i o n  pa i re  w i t h  heteroaro- 

metic r a d i c a l  i o n  wee examined by meaeurement o f  ESR spectre of  phen, reduced 

w i t h  Ne i n  P(eOCH2-CH2W. 22 
@ *studyof x-ray photoelectron epectroecopy (ESCA) of  monoprotonoted phen, 
the n i t rogen 1s b inding energy wee m e a e ~ r e d . ~ ~  The polerogrephic behaviour o f  
phen i s  deecribed 7-11., 

Diesociat ion conetente o f  phenium i o n  i n  d i f f e r e n t  equeoue eolut ions were 

determined epectrophotometr ical ly and pH-metrically, end the r o l e  of eolvent hoe 
been diecueeed. 26 

Two empi r ica l  equet iondeecr ib ing the v a r i a t i o n  o f  pKe w i th  temperature 

were compared f o r  2.9-dimethyl-phen. 26 

Acid d ieeociet ion conetante of  mono- and diprotonated p o l y e l k y l  phene were 

determined epe~tro~hotometricall~.~~ The cloee prox imi ty  (2.6 I() o f  the two N 

atom* i n  the tuned r i n g  system fevoure add i t ion  o f  one proton, but diecouregee 

add i t ion  of  eecond one, therefore i n  e a r l i e r  reeeerch phen wee coneidered as e 
monoacidic bees. 

Now there ox ie t  many evidencee o f  diprotonated epeciee o f  phen i n  mtrongly 
ac id ic  medie (8.9. The p o l y e l k y l  eub8ti tuente enhance both protonat ion 

eteps.Por 2.9-dialkyl-phene, the mode o f  protonetion i e  d i f f e ren t  then f o r  other  

eubet i tuted phene. 27 

Oieeociat ion conetante f o r  6-nitro-phen i n  eq. MOW and EtOH were determi- 

ned epectrophotometr ical ly.  Solvent ef fecte on the d ieeoc ie t ion  constants are 

dincueeed i n  the l i g h t  o f  ion-eolvent in te rac t ions .  30 

Phen can coagulete end reveree the charge of  a AgBr sol .  The mechaniem of 

i n te rac t i ons  i n  diecueeed. 31  
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B i o l o g i c a l  a c t i v i t y  

A n t i b a c t e r i a l  a c t i v i t y  o f  phen compounde i s  repor ted  32, and t he  ecrea- 
7 

n ing  data f o r  ant i tumor  a c t i v i t y  o f  6-mothyl-phen-N-methiodides are g iven . 
There wae s t ud i ed  the i n h i b i t i o n  of  pho tosyn the t i c  e l e c t r o n  t r anspo r t  by phen i n  

Euglena g r a c i l i e  33, and by betho-phan* i n  i s o l a t e d  ch lo rop lae te .  34 

The e f f ec t  of  pro longated a c t i o n  o f  phen ae a photoeynthet ic  i n h i b i t o r .  

a f f e c t i n g  the connect ion between caro teno id  content  and c h l o r o p h y l l  i n  Euglena 

c e l l e ,  hoe been In the study o f  kqdrogen metabolism bq Bhodamio~obium 

v a n i e l l i ,  t h e  i n h i b i t i o n  of t he  pho toass im i l a t i on  by pben h*s bean 

E f f ec te  o f  batho-phen as an i n h i b i t o r  o f  some enzyme a c t i v i t i e e  i n  membra- 

nee from s t r a i n s  o f  Eecher i ch ia  c o l i  ca r r y i ng  mutotione, were I n  the 

etudy o f  chemotherepert ic agents there were measured e f f e c t s  of combinat ion o f  

phen w i t h  n a l i d i x i c  and p i r om id i c  ac ids  on the growth o f  Eecher i ch io  c o l i .  Phen 

was an tagon i s t i c  t o  bo th  acids. 38 

Imsrr t igat ione of p r o p e r t i e s  o f  T 40 bacter iophage grown on Escher ia  c o l i  B i n  

s yn the t i c  media con ta i n i ng  2n2+, co2+ o r  ~i'+, have ehown. t h a t  the een- 

a i t i v i t y  o f  the nonrad ioac t i ve  phage p a r t i c l e s  t o  phen ae the d i v e l e n t  meta l  ca- 

t i o n  c h e l a t i n g  agent. v a r i e d  g r e a t l y  w i t h  the meta l  l one  added t o  the growth me- 

dium. 39 

Hydrochlor idse and methiodidss of  s u b e t i t u t e d  phen, 

and t h e i r  che latee w i t h  t r a n s i t i o n  metals were ehown t o  have t he  l e t h a l  e f fec t8  

on dermetophytee and Cendida a lb icans.  40 

A c t i v a t i o n  of  0-glyc~ralaldehyde-3-phoephets dehydrogenaee by  phen i s  dew- 

c r i b e d  ''- The b ind i ng  o f  two i n h i b i t o r  moleculee, phen end imidaro le ,  t o  

ho r se - l i ve r  a l coho l  dehydrogenaoe was s t ud i ed  by c r yo te l l og raph i c  methods. 42 

* Betho-phen - 4.7-diphenyl-phen, 

neocuproine . 2.9-dimethyl-phen. 

bathocuproine - 2.9-dimethyl-4.7-diphenyl-phan 



I n h i b i t o r  e tud iee on p a r t i c u l a t e  an-glycerol-3-phosphate oxidaee from Try- 

panoeoma b ruce i  showed t ha t  phen i n h i b i t e d  the dehydrogsnase component.43 Phen 

i n h i b i t s  peroxidaae i n c o r n  c o l e o p t i l e  eectione. 44 

Phen hyd roch lo r i ds . i s  an an t i k i n i naee  agent; i n j e c t e d  w i t h  b radyk i n i n  i n t o  

the r a t  paw po ten t i a t ee  the b redyk in in  induced edema. Phen a l so  po ten t i a t ee  the 

edema produced by carrageenin and celuloem su l f a t e .  46 

The a f f e c t  o f  phen on ONA b ind ing,  format ion o f  a  t e rna r y  DNA-nucleatide- 

-enzyme complex, and pyrophoephate exchange by yeast RNA polymerase B was exami- 

ned. There was found the r e l a t i v e l y  nonspec i f i c  i n h i b i t i o n  o f  template and nu- 

c l e o t i d e  b ind ing  by phen. 46 

The a c t i o n  of A r m i l l a r i a  mel lea proteaee 47 and o f  r a t  k idney n e u t r a l  pep- 

t i daea  * was i n h i b i t e d  by phen. Phen increased the a c t i v i t y  o f  p r o l y l  hydroxy- 

l a se  i n  3T3 f i b rob l es te .  49 

In the i c i ne t i c ' s t ud i es  of the removal o f  2n2* from bovine carbonic  anhydraso. 

phen and H e - v h e n  were used  ae che la t i ng  Phen was found t o  

s t imu la te  the l i p i d  pe rox i da t i on  i n  r a t  l i v e r  microeomee due t o  i t s  c h e l a t i n g  

proper t ies .  5 1  

I ~Ve i3 tLga t i ons  o f  the e f f e c t  o f  phen on f luorescence spect re  o f  sub- 

membrane p a r t i c l e s  of ch lo rop l as t s  w e  d8f~oribed.~' The e f f e c t e  o f  phen, as the me- 

t a l  che l a t i ng  agent, on the c e l l  progreeeion o f  CCRF-CEM lymphoblaats were etu-  

d i ed  by f l ow microf luorometry.  53 

The b ind ing  o f  ch ick  ov iduc t  progoeterone t o  n u c l e i  wee i n h i b i t e d  by phen. 

Th is  f ac t  i s  diecussed i n  r e l a t i o n  t o  the e f f e c t e  o f  phen on nuc l e i c  ac i d  po ly -  

m e r a s e ~ . ~ ~  Phen was found t o  i n h i b i t  the l i gh t - i nduced  oxygen uptake by chroma- 

tophoree and eubchromatophore-pigment complexee o f  Rhodoepi r i l lum rubrum. 65 

App l i ca t ione  

I n  ox ida t ions ,  the molecular oxygen i e  ac t i va ted  by monovalent copper eal te.  

A I'.sl'FangeUent of a l coho l s  i n t o  aldehydes by the cuproua chloride-phen-oxygen 

system was s tud ied  . The a l coho l  RCH20H (R - 9.  @I-CH-) gave 8 3 4 %  RCHO, 

wh i le ,  when i ns tead  o f  phen the p y r i d i n e  wee ueed, the y i e l d  decreaamd t o  

35-669. 66 

The e f f e c t  o f  phen ae an a d d i t i v e  i n  ca ta lyzed  l iqu id-pheee o x i d a t i o n  of 

a l ky le romat i c  hydrocarbone wae examined. Ac t i on  of phen i nvo l vee  format ion o f  

complexee w i t h  ca ta lye te .  " Phen i n h i b i t s  the copper-catalyzed ox i da t i on  o t  

ascorb ic  ac id ,  t h i s  f ac t  being due t o  the formed CU(I) complex of phen. 
68 

1 2 1 4 -  
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Orying proper t ies  of coatings and pa in ts  conta in ing dry ing o r  esmi-drying 

o i l s  are improved by phan or  6-methyl-phen addition." Polypropylene w i th  an 

0.6% add i t ion  of phen wee blended a t  $0' t o  g ive a  degradable, hot malt edhesi- 

ve"0util izetion of phen as a  vulcanizat ion accelerator  o f  v iny l idens- f luor ide-he- 
61 

xafluoropropene copolymers i e  deecribod . 
Phen can be applimd a8 a  e t a b i l i z e r  o f  a l i p h a t i c  d imes.  0.9. the dimeri-  

r a t i o n  of 1.3-butadiens and iaoprane, conta in ing NaN02 as polymerizat ion i n h i -  

b i t o r  wa. s t rong ly  reduced by adding phen (1-60 ~pm) .~ 'mstu4y  a? e f fec t s  of the 

nature of l igands i n  i o n  exchangers. the app l ica t ion  of phen as e  N-ligand i e  re -  

Phen make. the ex t rac t i on  of  Zr  and Hf from eolut ions by d - b u t y -  

r i c  ac id i n  CHC13 more e f f i c i e n t .  64 

The e f f e c t  of phen add i t ion  on e lec t ro rsduct ion  o f  metal complexas wae i n -  

vest igated t o r  copper e lec t rop la t i ng  i n  bathe composed of  CuC1, KSCN o r  CuC1, 

N a p 3  66 , and f o r  e i l v e r  e lec t rop la t i ng  i n  bathe composed of ~ g C l  end N&o~, 

bathe being cyanide free. 66 

Orgenic-e lectro ly te ba t te r i ee  w i th  M 0 2  as the cathode ac t i ve  ingredient  
67 

end Organic e l e c t r o l y t e  containing phen are described . Phen improves the 

cathode ef f ic iency.  

&vwfi&ations Of praesure eens i t i ve  copying mater ia ls  composed of  a  auba- 

t r e t a  member coated w i t h  colour  former and e  t ranafer  member coated w i th  Fe com- 

pound and 4.7-R,Re-phen (R.R' . H. OH. 9 .  pyridvlyl), B e  described. 68 

Subst i tuted phens 

R, R' - lowar a l k y l  

R2 I lower a lky l .  #, NOZ, 0x0, halogen 

RX 
x . y . 2 - 0 - 2  

ere microbicidee fo r  i n d u e t r i a l  l i q u i d s .  euch ae hydrau l ic  f l u i da ,  metal c u t t i n g  

f l u i d s ,  heating o i l e  and others. 69 



1,IO-PHENANTHROLINE COMPLEXES 

Syntheses 

The number o f  phen complexes i s  enormous, among those formed i n  the  reec- 

t i o n  o f  phen w i t h  meta l  ha l ides .  eons w i l l  be mentioned. 

Phen g ives  w i t h  SnC14 the complex [snc14-phen]. With the  excess o f  HC1. the  

(phenH)2~nC16 i s  formed.70 The syntheses of ( p h e n ~ ) ~ c e c l ~  71 end 

[ ~ i c i ~ .  phen] 72 a r e  repor ted.  

SiHC13 r e a c t s  w i t h  phen t o  form [ s i H ~ l ~ - p h e n ] .  I n  t h i s  procese the s i d e  

r e a c t i o n  r e e u l t i n g  i n  1.2.3.4-tetrahydro-phen Complexee o f  the  type 

[ ~ i R R ~ ( p h e n ) ~ ] ~ ~  

R - RI - H.c~ ,M~.$  

end R I He. R1 - C1, One 
2 

were prepared i n  the  r e a c t i o n  o f  phen w i t h  RR Si12. 74 

Phen-N-oxide r e a c t s  w i t h  S iX4tog iVe t h e ' f o l l o w i n g  complerne of  ha loe i lanaar  75 

SiF4.L S iBrqa2L ( L  - phen - N + 0 )  

SiC14.L Si14.2L 

SiC14'2L Si14'3L 

Phen forms w i t h  hexechloroplumbete (phenH2)pbC12 76, and w i t h  K ~ [ R ~ c ~ ~ ]  

the complex ~ ~ [ ( p h e n ) ~ R e c l ~ ]  r e s u l t s .  77 

A d d i t i o n  o f  phen t o  e conc. HBr s o l u t i o n  of H2ReBr6(~0) givee(phen Hz) 

[ReBr6(N0) 1, which on hea t ing  forms [ ~ e B r ~ p h e n ( ~ ~ )  1 78. 

Syntheses of 2.9-dimethyl-phen complexes of  the  type CuLZCl2 end 

CuLC12 ( L  - 2.9-dimetyl-phen), a r e  repor ted.  79 

Rhodium complexee, such as 

Rh[phen313+ 

Rh[phenx4]- X - C1 o r  B r  

R h [ p h e n ( ~ ~ ~ ) x ~ ]  

~ h [ p h e n ~ ~ ~ ] +  

ere descr ibed 

Recent ly  the  aynthesea of ca rbony l  rhodium(1) complexes of phen and 

i t s  d e r i v e t i v e e r  [ R ~ ( C O ) ~ L ] [ R ~ X ~ ( C O ) ~ ]  ( L  - phena 2.9-dimethyl-phen; 4.7-diphe- 

nyl-phen; X - ~ 1 .  ~ r ) ,  have been reported. 81 
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He te ro t r i e che le ted  (Rh 111) complaxes: [Rh(b p Y ) 2 ~ ~ 3 +  and [ ~ h ( b  P ~ ~ 2 ] 3 *  

(bpy)  - 2.2 ' -b ipyr id ine 8 L = phen, 2.6-dimethyl-phen) were synthesized and 

charac te r i zed  by exponen t ia l  lumineecence decays. 82  

The reec t i on  o f  m e r [ ~ u ~ l ~ ( ~ n e ~ $ ) ~ ]  n i t h  2.9-dimethyl-phen (L )  g ives  

[ R U C ~ ~ L ] C ~ ~ ~  the complex wee charac te r i zed  by IH and 3 1 ~  NMR spectroscopy. 83  

The syntheses o f  [ ~ t ( ~ - N ~ ~ - p h e n ) ] ~ ~  84 (X - C1. C1O4). and of  (phenH2)UC16 85 

are reported. 

Among n i t r a t e  coaplexee of  phen ought to be mentioned ( p h e n ~ ) ~ c e ( N 0 ~ ) ~ .  

- 6H20 86 and M n ( ~ O ~ ) ~ - p h e n .  
87  

Syntheses of complexee : 

~ u ( p h e n ) ~ -  (CN)2'6H20 

R U ( ~ - N O ~ - ~ ~ ~ ~ ) ~ ' ( C N ) ~ ' ~ H ~ O  

and ~ e ( p h e n ) ~ ( C N ) ~ ' H ~ 0  have been reported. 
88 

Syntheeie o f  e 6-coord inated s p i n  t r i p l e t  (S - 1 )  f e r r ous  complex, 

~ e ( p h e n ) ~ . ( N C B F ~ ) ~  i e  descr ibed and i t s  Moeesbauer epect ra  a r e  given. 89 

Complexes o f  the type 

Zn(SW)2L2 L . phen a 6-NO2-phen 

end z ~ ( s C N ) ~ L '  90 L' I 2.9-dine-phen 

ae w e l l  ea ~ a ( N ~ ~ ) ~ . 2 p h e n  

Ga(~CS)~ ' l .Bphen 

and Ga(NCS)g-phen.MeOH 

were prepared and charac te r i zad  by t h o i r  I R  spect ra  and thermal e t a b i l i t y .  91 

There ere known complaxes o f  ecendiua thiocyanato, n i t r a t e  and c h l o r i d e  

w i t h  phen: 92 

6cX3-2phen 

end ( p h e n ~ ) ~ [ s c ( N c s ) ~ ]  X I NCS-. NO: . C1- 

To compounde of t he  ,,Reinecke e a l t s "  type belong the complex anions 

[ C ~ ( N C S ) ~ P ~ ~ ~  -, formed i n  t he  e u b e t i t u t i o n  r eac t i on  o f  K ~ [ c ~ ( N c s ) ~ ]  w i t h  

phen.g3 Ln c h l o r i d e  r eac te  w i t h  KSeCN and phan t o  g i v e  ~ n ( p h e n ) ~ - ( ~ ~ ~ e ) ~  com- 
94 

plexes. 

The 8ynthee.s of th202(phen)4- ( ~ 1 0 ~ ) ~  96 and th(2J2-N6) ( ~ 1 0 ~ ) ~ ' 2 H ~ O .  

' p h e n . & t ~ ~  96 were reported. 

97 React ion o f  phen i n  nF s o l u t i o n  n i t h  U02F2 g ives  ( p h e n ~ ) [ ~ O ~ ~ ~ ]  , 
98 and w i t h  Nb206, MOO3 end VO.SO,-3H20 t he  complexee ( p h e n ~ ) [ ~ b ~ ~ ~ ]  , 

( p h e n ~ ) [ ~ o 0 ~ ~ ~ ] - 2 ~ , 0 ,  99 end (phenH) [ vOF~(W~O) I .   respective^^ 



The eyntheeie of  phenium oxopentebromotnolybdate(Y). (phenH2)[Mo~r5] wen 

reported. By hydrolyzing the parent s a l t ,  ~ o ~ O ~ ~ r ~ ( p h e n ) ~  and M ~ ~ O ~ B r ~ ( p h e n ) ~  

were ieoleted.lO1 I n  the etudy o f  atrenee. the eyntheeim of 

(phen~') ( N H : ) - N ~ o o ~ ( o H ) ;  hem been reported. 102 

Oxodiperoxovanadete(V) complex o f  phen, 

~ [ ~ 0 ( 0 ~ ) p h e n ] - n ~ ~ 0  H - Na, K, NH4 

n = 2-5 

wee prepared from H202 eolut ione of VO) i n  the preeence o f  phen. The 

eyntheeie of  (phenH)(Hcr04) i s  deecribed i n  *04. 

T r ipy roge l l y l  end t r i oa techy l  germeneta* of phen were obtained by react ing 

py roge l l y l  o r  pyrocetechyl eetera of germanic ecid w i t h  phen.lo5 

The complex of  phen w i t h  nitr idooemiua ( P ~ ~ ~ H ) [ o . N X ~ ] ( H ~ O ) ]  X r C1, Br 

1. formed i n  the raact ion of phen w i t h  K [ O ~ N X ~ ( H ~ O ) ] . ~ ~ ~  

2he synthet ic  appzmaoh:*ihe complex of phen w i th  imido bie(eul fury lch1or ide).  

phen .H~(SO~c l )~ ,  i a  deaoribed.lo7 

The 11  complexee of phen end 6-methyl-phen w i t h  iodine ere reported, and 

t h e i r  eeeociatlon conetente determined.lW Syntheses o f  a l k e l i  metal 

complexee o f  phen end orgenic anions, o f  the type 

tl4 phen 

m ( p h ~ n ) ~  U - N a ,  K 

U(A,UA) (phen) A - benzoate, 2-OH-benzoate 

HA.)  hen)^ , have been performed. 

Studying etereocher ietry o f  Co(111)complexee. compounds 

[ ~ o ~ ( p h e n ) ~ ] ~ 1 0 ~ - 2 ~ ~ 0  A = me-tart, D-malato 

hate been prepered and characterized by CD, I R  end 'H NPlR spectre. 'lo 

The eyntheeie of  ammonium complexee Nu4-A-phen. ill 

A P - c ~ H ~ ( o H ) ~  

2.4-dinitrophenol 

and of  ( p h e n ~ ) + [ ~ e ~ 3 ] '  HpZ = toluene-3.4-dithiol i e  reported. 

A r y l  mercury hel idee form w i t h  phen 1 x 1  a d d ~ c t e . ' ~ ~  Diphenylmercury 

reacte w i th  phen, 2,s-dimethyl-phen and 2.4.7.9-tetramethyl-phsn (L) t o  g ive 

the $pg.21 edducte. ( R C Z C ) ~ H ~  when e t i r r e d  w i th  phen o r  2.9-dimethyl- 

phen (L) i n  EtOH, yield. a donor-eccepmrcomplex (RCzC)zHgL " g , ~  - m. C1CH2. 
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VC13 react. w i t h  phen. 5-chloro-phen, 5-methyl-phen and 4.7-dimethyl-phen 

(L) i n  EtOH t o  g i ve  V C ~ ~ L ~ E ~ O H . ~ ' ~  The syn thes is  o f  Cd p h e n ( C ~ ~ s i M e ~ ) ~  i s  

r epo r t ed  
117 

I n  the etudy o f  d ime thy l  compounds o f  Pt ,  the re  were obta ined complexes 

of the type ptMe2X(HgX)L L m 2.9-dimethyl-4.7-diphenyl-phen 

X - Cl,  Br ,  I, OAc 

from PtMe2L and HgXZ liej and the r eac t i on  of PtMe2L w i t h  GeRnX4-n 

r eeu l t ed  i n  P ~ M ~ X ( G ~ R ~ X ~ - ~ ) L .  
119 X n Cl .  R - Me. n  - 1.2.3 

x - C1, R - . n - 2.3 

X m Br. R - Me, +, n n 3 

To cerbony l  complexee o f  phen belong ~ [ c r ~ H ( ~ O ) ~ ~ ( p h e n ) ~ l  and 

s ~ ~ ~ [ c r ~ ~ ( c ~ ) ~ ~ p h e n ] .  These compounds are formed i n  r eac t i ons  o f  phen ae a 

120 
N-donor b i den te te  l i g e n d  end H [ c ~ ~ H ( c o ) ~ ~ ]  . M - K. Bu4N 

Phen forms e e l t e  w i t h  complex anions [ ~ r ( ~ ~ ~ ) ~ ( ~ - b e n z y l a n i l i n e ) ~ ] -  

end [~r(~c~)~(~-dimethylanilin.)21-. 121 

Chemicel r e c t i v i t y  

Phen complexee w i t h  L i .  Na end K exchange their h p m e e  with 

gseeoue 0. The ESR spect ra  are diecuseed. The e f f e c t  o f  l i g a n d  eube t i t u -  

t i o n  on the k i n e t i c s  of aquat ion o f  conplexee FeL3 L - phena 5-chloro-pheni 

5-ni t ro-phena 4.7-dime- 
thyl-phen 

ie descr ibed i n  

In t h e  k i n e t i c s t u d i e s  of a c i d  h y d r o l y s i s  o f  oxalatobis(phen)chromium(11I)ione. 

[ c r ( ~ ~ ~ ~ ) ( ~ h e n ) ~ ] + ,  the a c t i v a t i o n  parameters were meaeured. Entha lp iee of  ac- 

t i v a t i o n  are the eame as thoee repor ted  f o r  the recemisat ion of  the eame com- 

plexae. 124 

The k i n e t i c s  of CN- e u b e t i t u t i o n  f o r  phan d e r i v a t i v e s  i n  comp lexes~  

biecyanobie(5-chloro-phen)iron(11) and tetracarbonyl(5-nitro-phen)molybdenum 

(0)  have been determined end found t o  be coneiatent  w i t h  2-etage mechaniem w i t h  

the CN- i o n  f i r s t  a t t ach i ng  t o  a  2- or 9 -pos i t i on  i n t r a m o l e c u l a r l y  t o  the 
125 

meta l  ion. A r a p i d  eecond a tep  eube t i t u t ee  CN- f o r  the eecond phen li atom . 
I n  t he  epectroecopic e tudy o f  the r e a c t i o n  o f  [ ~ u ( 5 - ~ 0 ~ - p h e n ) ~ ] ~ +  w i t h  

PleO- and E ~ O -  lone,  the re  wee shorn the a d d i t i o n  o f  alcoxSa i o n  t o  the 



2-posi t ion of  each heterocycl ic  l igand. 126 

~ e ~ ( p h e n ) ~ O C l ~  reecte w i th  oxe l i c  ac id  t o  g ive (phenH)3[~e(~204)3];6~20. 127 

The oxidat ion of the [ F ~ L ~ I ~ '  i o n  (L  = 4.7-dihydroxy-phen) by a i r  o r  K 3 F e ( ~ ~ ) 6  

gave the Fe( I I1 )  oompoundt the v i e  spectre of complexes are preeented. 

Reectione of  PtHe2L L - phen 

2.9-dimethyl-4.7-diphenyl-phen 

wi th  SnR4C14,,, . ~ b # ~ ~ 1 ~  end ~ b # ~ C l ,  in which R - Me, $ n - 0-3 , 
procaod v i a  an ox ida t ive  add i t ion  invo lv ing  the Sn-C1 o r  Pb-C1 bond t o  g ive 

Ptt+e2ClL(snRnC13m) end P ~ P ( ~ ~ C ~ L ( P ~ $ ~ C L ~ - ~ )  lZ9 rn - 1.2 

W(CO)4phen react8 w i th  [NOI[PF~]. end U o ( ~ 0 ) ~ p h e n  w i th  NO' i n  ne2co 

t o  y i e l d  m e r - [ ~ ( ~ O ) ~ p h a n ( ~ ~ ) ] ~ ~ ~ ~ ]  and fac-[~lo(c0)~phen(No)]+,. reep. 130 

( ~ h e n t i ) ~ [ ~ e C l ~ ( ~ o ) ]  thermally decompoese a t  220' t o  give [ ~ s ~ l ~ p h e n ( ~ o ) ] ? ~ ~  

Thermal decompoeition of  hen^^) ( ~ 0 ~ 1 ~ ) .  (phen H2 ) (Znc14) end (phen H2 ) ( ~ n ~ l ~ ) ~ ~ ~  

ee we l l  ee of phan.Hg(CN)2 133 end of (phen H ) 2 ( ~ ~ 2 ~ 1 4 )  134 wee a lso  atudied. 

Photoreduction o f  mono L ~ ~ ( 1 1 )  ca t ion  (L I 2.9-dimethyl-phen) 

observed during the i r r a d i a t i o n  of  t h i r  compound produces the corresponding 

Cu(1) complex I 13' CuU2 + CuLX (X = C1, B r )  

The intermediate red ica le  were detected by ESR epectroecopy, using a epin 

t rap  technique, i n  the photoreduction of diphenyleceteto LCu(I1) 136 

Propertie. 

Numerous publ icet ione ere deal ing w i t h  the determination of  c r y s t a l  et ruc-  

t u re  of phan e e l t e  and complexee. I n  most cases the determination i e  beeed on 

the x-ray d i f f r e c t i o n ,  re t inad by l eee t  squares procedure8 t o  e f i n e l  conventio- 

n e l  R index. 

Cryete l  s t ruc tures  of phen hydrochloride end hydrobromide. d i n i t r a t e ,  eul -  

fete, perchlorate, d iperchlorete 13' end perrhenete were determined as 

w e l l  e r  c r y s t a l  et ructuree o f  oomplexeet 

CU(~~)L.~H,O 139 gg - g l y c y l  g lyc ina 

L - 2,B-dimethyl-phen 

[CU(H~O)   hen)^]^^^ 140 

( C u ~ c s O ( ~ ~ ) ~ p h e n )  1-phen 

(phenH2 ) (rnCl6) 142 
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In the stud? of phoDophyeica1 behavLour of complexes 

their absorption end emieeion epectra ere reported. 147 

The oxidation state and coordination number of metal ions in eome halogen 

phen complexea of ~ ( 1 1 1 ) .  C o I I  Cr(111). Zn(I1). cd(I1) end Fe(II1) 
148 

were determined by axemining metal-halogen stretching frequencies in IR spsctra. 

IR spectre of (phen H)[~e(~~~)~phen]. 149 and far IR spectra of 

(phenH),[nx J.HX lW n - zn. cd 
X I C1, Br, I 

ee well as of (phenh)(~eX~)'Hx end FephenC13 ''I, have been reported. 

IR spectra of phen-N-oxide salts with HC1, HBr, HI, HC104 and HBF4, 

end of their deutereted analogues have been recordmd. The type of hydrogen bond 

in these compounde, ee well ae the changes in epectre of protonated species are 

diecuseed. 152 

study of vie allowed to examine the ability of P-. d- and 

f-.lementa to form complexee with hydroxy derivativs* of trierylmethane in the 

presence of phsn. 153 

Electronio spectra of (phen~)~(lIox~) X.cl,~r are given la. LuminOsCenCe of 

(phen~)+(~r~14)- and chemiluminsscence occuring during interaction of co- 

balt phsn complexee with H202 lS6 have been etudied. 

ReoentLp the mechanism of quenching of the emieeion of IRUL~I~' 

complex ( L - phen) 6-chloro-phen: 4.7-dimethyl-phen) by europium(11) i'?e~ 

we11 as the application of the continuoue variation method to the ~i(1I) com- 

plex of phen lW, bava been deeoribed. 

Relation between magnetic end structural properties of complexes N i U 2  

L - 2.9-dimethyl-phen : 2.9-dimethyl-4.7-diphenyl-phen 

X I C1, Br, I 
159 

wae inveetigeteda structure of complexee wee determined by x-ray diffraction. 

'H NllR and IR epectre were used to determine structure of complexes 

P ~ L ( C N ) ~  and PdLX2 L = 2.9-dimethyl-phen 

X - C1, Br, I 
1 2 2 1 -  



14N NQR epect re  o f  ~ d ( 1 1 )  complexes p f  phen a re  reported. The 14N NQR data 

can be u t i l l z e d  t o  o rder  the monodentate X l i g a n d e , i n  phen PdX2 o r  b iden ta te  li- 

gand Y in phen PdY i n  terms of  e l e c t r o n  donat ion toward ~d(11) .  The obta ined 

o rder  i n  CN- - I- > SCN- - NO; > Br-  > ~ 1 -  > NO: e phen, p o s i t i o n  o f  

phen a t  the end of tha s e r i e e  be ing r a t h e r  anomalous. 161 

ESR spect re  of CuL2Br2 ( L - 2.9-dimethyl-phen) are descr ibed 162 

O p t i c a l  a c t i v i t y  o f  [ R u ( ~ - N H ~ - ~ h e n ) ~ ] ~ +  i s  diecussed, and i t e  CO, I R  and e lec -  

t r o n i c  spect re  are presented. 9 

A. an exemple o f  a p p l i c a t i o n  o f  MICE (magnet i ce l l y  induced c i r c u l a r  p o l a r i -  

z a t i o n  o f  emission) t o  mete1 complexes, the ena lye is  of MICE of  

Ru(4.7-diflphen I3Cl2, dlepereed i n  a po lymathacry la te  met r i x .  1s  reported. 163 

The c a l c u l a t i o n  o f  energy p r o f i l e e  and o f  e l e c t r o n i c  e t r u c t u r e  o f  phen-TCNQ 

complex has been performed by HMO method. Ca lcu la t ione  o f  i n t e rmo lecu la r  over- 

l ape  i n v o l v i n g  the lowset  vacant MO o f  TCNQ and one o r  more h igheet  occupied 

o r b i t e l s  of each o t  donore hava been c o r r e l e t e d  w i t h  the donor-TCNQ geometr ice l  

con f igu ra t ions .  164 

In the s tudy ;  Ob complex [ ~ o ( p h e n ) ~ ( ~ ~ 0 ~ ) ] ' ,  e l e c t r o n i c  s t r u c t u r e  o f  phen l i g a n d  

wea ca l cu l a t ed  by NDOO method. The lone-pa i r  dene i t i ee  ere a s u i t a b l e  measure 

f o r  a d d o n o r  c a p a b i l i t y  o f  t hs  liQand.166 

s t r u c t u r e  of phen~complexes w i t h  p- end f-elements and pyrocatechol  v i o l e t  

wee s t ud i ed  by W - v i e  epectroacopy and by HMO ce lcu le t ione .  166 

Moeasbauer parameters were determined f o r  [F~L~IX~ L - phen, phen-WO 

X - Clod, I, NO3 

and the r a e u l t e  i n t e r p r e t e d  by a model based on the MO p i c t u r e  of t he  cat ion.  167 

The var iab le- temperature 6 7 ~ e  Ploeeebauer epect re  o f  

[ ~ e ( ~ - m ~ - p h e n  )3](C104)2-~20 and [ ~ s ( ~ - ~ . - p h e n ) ~ ] [ ~ ~ ~ ] ~  were etudied. 

Hoeeebeuer emiseion epect re  o f  07co l abe led  C ~ ( p h e n ) ~ ( u C s ) ~  and of  57 Co 

doped ~ e ( p h e n ) ~ ( N C s ) ~  were determined end compared w i t h  the absorp t ion  spectrum 

o f  ~ a ( p h e n ) ~ ( N C S ) ~ .  170 

I n  paper e l ec t r opho re t i c  e tudy o f  i on -pa l r  formation,- the e l ec t r opho re t i c  

behaviour of  ICOL~I~* L - phen I 4.7-dimethyl-phen; 6,s-dimethyl-phen 

i n  the presence o f  ha l ide ,  NCS-. NO; end NO; l one  was examined. 171 

investigi$i.on ahyd rophob lo  and charge-dipole i n t e rac t l one ,  s a l t i n g  e f f e c t s  

o f  mete1 che la te  e l e c t r o l y t e e r  ~ e ( p h e n ) ~ B r ~ .  C ~ ( p h e n ) ~ B r ~  end C ~ ( p h e n ) ~ e r ~  

on the e o l u b i l i t i e a  o f  ni t robenzene end toluene have been etudied. 172 
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B lec t r och ro~n i c  d i s p l a y  dev ices were prepared by us ing eo l u t i one  o f  [ C O L ~ ]  2+ 173 

( L - phen d e r i v a t i v e s )  

Polerographic  c a t a l y t i c  current. i n  eo l u t i one  o f  N i  end Co complexee w i t h  phen 
174 

are descr ibed . 
Spec t ra l  e e n e i t i z a t i o n  of m ing l e - c r ys ta l  n-type T i02  e lec t rodes  by rhu te -  

nium(11) complexes R U L ~ C ~ ~  L - 6-chloro-phenj 4.7-dimethyl-phen 

hae been s t ud i ed  as a f unc t i on  of  pH of eo lu t ion .  I m p l i c a t i o n  o f  r e e u l t a  f o r  a 

s o l a r  energy conversion system i s  diecuesed. 17' 

s t e b i l i t y  constants  o f  phen complexee of Cu( I1) .  Zn(11), ng(11) and Ce(1I)  

w i t h  adenine 176 o r  edenoaine-6'-triphoaphate 177 were determined by potentiome- 

t r l c  t i t r e t i o n .  A le0 the s t a b i l i t y  constants  of Cuzphen ( Z I ble[carboxymethy l l -  

d i th iocarbamate)  a re  repor ted.  178 

There were ca l cu l a t ed  format ion en the lp iee  f o r  the i o d i n e  complexes o f  phen 

and 6-methyl-phen 17', ae w e l l  ee the r a t e  conatante end a c t i v a t i o n  paranetere 

f o r  fo rmat ion  o f  complexee o f  # i ( I I )  i o n  w i t h  phen. 8-chloro-phen, 6-methyl-phen 

and 6.8-diaethyl-phen. and of those of  Ni(H20); o r  NINTA(H~O)~ (NTA .r n i -  

t r i l o t r i a c e t e t e )  w i t h  phen. 4.7-dihydroxy-phen and phen-2-carboxylate. 16 1 

For  the manganese complexee o f  phen, [Pa phen12*. ~ P a ( p h e n ) ~ ] ~ +  and 

[ ~ * r ( p h e n ) ~ ] ~ + .  the re  were ca l ou l a t ed  format ion conetante end c a t a l y t i c  c o e f f i -  

c l e n t e  i n  a hydrogen perox ide decomposit ion react ion.  182 

The anthe lpy data f o r  format ion o f  edducte o f  phen w i t h  R p C 1 ,  RSiC13 end 

SiC14, "' (R - Me, $1 o r  w i t h  # 2 ~ n ( ~ 0 2 ~ e ) 2 .  ~ u ~ s n ( W ~ n e ) ~ .  en w a l l  as 

w i t h  Cu(I1) complexee o f  f l u o r i n a t e d  P -diketonee are reported. 

I m e s t ~ ~ o n s -  of t he  k inet ic .  f o r  the r e a c t i o n  of # 3 s b ~ ( ~ 0 ) 6  w i t h  

phen, r e e u l t i n g  i n  [ ~ ~ h e n ( C O ) ~ ] ,  a re  deaoribed. 
186 

B i o l o g i c a l  a c t i v i t y  

Complexes $+-phen-d-amino a c i d  ( u  - Ni ,  Zn, Cd) r a r e  found t o  be of  i n -  

t e r e s t  i n  r e l a t i o n  t o  b i o l o g i c a l  eyetemo. I n  the reseach o f  an t i nsop lee t i c  

egente, the t r a n s i t i o n  meta l  complsxee o f  phen have been e tud i ed  w i t h  regard t o  

t h e i r  an t i tumor  a c t i v i t y .  188 

Hydro lys is  o f  e c e t y l  phoephete. ca ta lyzed  by cu2*, co2+, Ni2* o r  pn2* wa. 

exemlned by a d d i t i o n  of phen. Uechaniem of c a t a l y e i e  i s  diecuesed i n  r e l a t i o n  t o  

metal-enzyme bonding. 189 



Phen complexee of Co(11) were s t ud i ed  i n  r e l a t i o n  t o  r e s p i r a t o r y  mete l lo -  

There were i nves t i ga ted  the k i n e t i c s  of ox i da t i on  o f  horee hear t  

ferrocytochrome c and Peeudomonae aeruginoea ferrocytochrome cDSi. by 

[ c o L ~ ] ~ +  i o n s  ( L . phen; 5-chloro-phen; 5.6-dimethyl-phen; 4.7-dime- 

thyl-phen).  

The a c t i o n  o f  phen t r e n a i t i o n  meta l  complexee on the r a t  i e o l e t e d  diaphragm 
482 

muecle-phrenic nerve p repara t ion  i e  repor ted  Phen and i t s  Zn complex 

have been found t o  y i e l d  mke le te l  defect  i n  

& v e a t i g a t i w s  of the e f f e c t  o f  phen F e ( I I 1 )  complex on tbe k i n e t i c s  

6f i r o n  accumulation end exc re t i on  in m a s e l  Y lg t i iue e d u l i s  L a re  de lcr ibed.  194 

Phen complex of CU(I) was found t o  be a potent  r e v e r s i b l e  i n h i b i t o r  of Eecheri-  

c h i n  c o l i  DNA polymereee?95 

Also t h e r e  -8 stud%& the use o f  nonrad ia t i ve  phen complex o f  Ru i n  a d i ges t  

marker eyetem f o r  t he  measurement o f  n u t r i t i a l  f low a t  the prox imal  duodenum of  

calvee. 196 

Complexes o f  the type [ ~ h ( p h e n ) ( l , 6 - h e x a d i e n e ) ] ~  (X I P F ~  , 66; ) 

were found t o  be good c a t a l y s t s  f o r  hydrogenat ion of  ketonee.lg7 C a t a l y t i c  e c t i -  

v i t y  o f  Cu, Mn end Co phen complexee was s tud ied.  e.g. i n  the ox i da t i on  o f  

ereenic  t r i o x i d e  eo lu t ione .  lg8 o r  i n  the ox i da t i on  of t i r o n  by H202. 199 

Phen e e l t e  w i t h  H2Cr04 ere wet o r  atmospheric co r ros i on  i n h i b i t o r s  o f  

s t e e l ,  braes and copper. 200 

An impor tant  a p p l i c a t i o n  of phen complexee i s  t h e i r  uee i n  a n a l y t i c a l  cha- 

m is t ry .  Numeroue a n a l y t i c a l  methods f o r  meta l  determinat ion w i t h  use o f  phen i n -  

vo lve  e formet ion of co loured complex, i t s  e x t r a c t i o n  t o  the organic  eo lvent .  end 

the epectrophotometr ic s tudy  o f  the ex t r ac t .  

For  inetsnce.  ~d (11 )  was detected i n  z i n c  by s e l e c t i v e  e x t r a c t i o n  w i t h  d l -  

th izone i n  CHC13 i n  t he  preeence of phen, fo l l owed by the epectrophotometr ic ane- 

l y e i e  o f  the ex t rac t .  201 

Thenoy l t r i f l uo rosce tone  (HTTA) end phen reacted w i t h  €u3+ end 8m3* t o  form 

complexee Eu (1T~)~ph.n end ~ m ( l T ~ ) ~ p h e n .  which were ex t r ac ted  w i t h  benzene, 

end t h e i r  f luoreecence epect ra  were I n  an analogoue manner, us ing  

th iothenoyl t r i f luoroecetone.  Ag i n  l e a d  metale 2w, o r  Cd i n  t i n  mstele 204 

can be determined. 
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There wee reported the ex t rac t ion  of Cu from aq. t a r t a r i c  ac id  by so lu t ions  

of PrCo2H and EtCHBrC02H. conta in ing phen. 'OS EU can be determined by ex- 

t r a c t i o n  o f  i t s  complex w i th  1-naphthoic ac id  end phen, fol lowed by lumineecen- 

ce epectroecopy o f  the ex t rac t .  206 

Au3+ wag determined epectrophotometr ical ly by reduction w i t h  co2+ i n  the 

presence of phen. '07 Chromatogrephy on phen tungetoe i l i ca te  impregnated paper 

2+ 208 
can be ueed t o  reeolve mixtures of  ca2+, Ag+, Au3+, pt4+ and Pd . 

Beeidee phen, a lso  batho-phen, neocuproine and bathocuprbine are use fu l  ane- 

l y t i c  agents. For inetence. there i#descr ibed a number of  ione ( ~ b ,  H~II, 81. 

Cd, SnII.  Ni,  L o I I .  MnII. Ca, Sr, Be, Mg, Zr end othere). p rec ip i t a ted  by batho- 

phen, and number of ione (Ag, HgI and 11, CUI end 11, Cd, F e I I )  g i v i ng  coloured 

soluble complexes. The p0 values are presented. 
209 

A simple method fo r  rap id  co lo r ime t r i c  determination of Cu w i th  e po l yv iny l  
240  

ch lor ide  f i l m ,  impregnated w i th  bathocuproine i s  described . U can be i n d i -  

. rec t ly  determined epectrophotometr ical ly by reducing U(V1). ox id iz ing  by excess of  

Cu(I1) and complexing the produced CU(I) w i th  neocuproine. 211 

By the formation o f  C U L ~ ( R ~ O ~ ) ~  L = 2.9-dimethyl-phen 

from [ C U L ~ ] ~ '  and R~O; , the determinetion of  rhenium can be accompliehed. 212 

Batho-phen i e  used fo r  determination of i r o n  '13 or  f o r  i d e n t i f i c a t i o n  of  eubmi- 

c ro  quan t i t i es  of  iod ide  ione. 214 

4.7-~ie[p-pheny1ezo)-aniline]-phen wan found t o  be a sens i t i ve  reagent f o r  

the determination of  Fe 2161 Ag reacts w i t h  phen end 2.4-dinitropyrocatachol t o  

f o r m  a complex. used f o r  the Ag determination 21:~can be analyzad by i t s  corn- 

plexee w i th  phen and pyrocetechol v i o l e t .  217 

Co.Ni . C d  and Zn complexes of phen form w i t h  eoeine, erythroelne, 

Bengal Pink, f luoresce in  and Bromophenol Blue complexee. extracted by CHC13. 

Metals are determined epectrophotometr ical ly.  218 

~ l a o  inveotigptions OF trhe phen complexee of Zn. Cd and Hg w i t h  Bromophenol 

Blue o r  Bromocreeol Green, ae w e l l  ee phen complexen o f  Zn and Cd w i t h  Er io -  

chrome Black T o r  Eriochrome Red B have been performed. 

Pd 221 and sc 222 can be determined by forming complexes w i th  phen and 

eoeine. The f luorometr ic  determination of Cd by i t e  complex w i t h  t h i o x i n  wee 

extended by w i n g  the cooperative e f f e c t  of phen. 223 

Cu can bo determined epectrophotometr ical ly by complexation w i t h  phen end 

phloxine. 224 I n  the formation of the complex of  A ~ + .  phen end gromopyrogel lol  

Red, there we0 observed the i n h i b i t o r y  e f f e c t  of 6' ions8 t h i s  fac t  can be 
a 5  

eppl ied f o r  the epectrophotometric determination of t race amounts of eu l f i de  ion. 

- 1225- 



Adding ~ e ~ +  t o  ao l u t i one  con ta in ing  phenothiazine, the formed ~e'+ i s  

complexed w i t h  phen, and phenothiazine i s  determined specf rophotometr ica l ly .  226 

Phen wee found t o  acce le ra te  the r a t e  o f  co l ou r  chenge o f  Xy leno l  Orange (XO) 

i n d i c a t o r  i n  Cu(1I )  - EDTA t i t r e t i o n e  (EOTA - ethylenedieminetetrasoetic ac id )  

due t o  the format ion o f  the (CU phen)2X0 complex. 227 

Phen can be used ee a p r e c i p i t a n t  of [ ~ a c l ~ l - ,  f o r m i n g ( p h e n ~ ) ~ a ~ l ~ .  228 

Phen complexee o f  Fe ( I 1 )  were s tud ied  as pH-markere f o r  g e l  i e o e l e c t r i c  focue- 

~ i n g . ~ ~ ~  Tbs use o f  inso2uble complex Cd(phen)& t o  dehrmincEd.&-conduoto- 

m e t r i c  t i t r a t i o n  waa r e p o r t e r i  . 230. Ce(IV) can be determined i n  e o l u t i o n  o f  

i t s  e e l t e  by a p p l i c a t i o n  of  a  coba l t  e l ec t r ode  t o  cou lomet r i c  t i t r a t i o n  i n  the 

presence o f  phen. 231 

Te i e  separeted from Se from Mol ten S a l t  Reactor f u e l  f i e e l o n  product. by 

p r e c i p i t a t i o n  w i t h  phen 232; the analye ia  of low l e v e l 8  o f  peroxide8 i n  PVC 1. 

made by format ion of  co loured phen complax w i t h  Fe ( I I 1 ) .  233 

I o n i c  detergent. i n  water can be determined by complexation o f  en an ion ic  

detergent,  8.g. Na d i oe t y l eu l f oeucc i na t s  w i t h  Cu and phen, fo l l owed by epec- 

t roscop ic  analye is .  234 The determinat ion of a l l i c i c  a c i d  content  i n  de te r -  

gente w i t h  the uea of  H4SiMol2ON20(phen)q.nH20 complex, i s  descr ibed 236 

Serum i r o n  concen t re t ion  cen be determined us ing  batho-phen eu l fona te  i n  a  

formete ayatem. w i thou t  p r i o r  p r o t e i n  Reducing sugere, such ae 

galactose, glucoee, mannoee, ere detected by t he  measurement of co l ou r  formed 

w i t h  neocuproine hydrochloride-CuS04 treatment o f  eugare eeparated on a column 

of anion exchanger. 237 
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