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1, Introduction 

The industrial plasticize: diethylhexyl phthalale (DEHP, fig. 1 )  IS used widely in the manufacture 
of flexlble tubing and medical devices like disposable syringes, transfusion bags, heart valves. 
catheters, d~alyzing unlts, vascular grafting materials and intrauterine devices. In the plastic the 
concentration of DEHP could be as high as 60%. Since it is not covalently bound, the plasticizer 
can easily leach out from plastic containers. Thus DEHP has been detected In stored blood as well 
as in tissues of patients receiving blood transfusion. Because of this and its occurrence 
ubiquitously in the soil, plant and stored food, the toxic potential of DEHP has been widely 
investigated. 

Administration of DEHP to experimental animals has been reported to proliferate mitochondria 
In the liver and to depress cholesterol in circulat~on. The results of a detailed investlgatlon on 
these two aspects are presented and their impl~cations discussed in this thes~s. 

2. Materials and Methods 

Male albine rats (140- 150 g) of the Institute-inbred strain were fed with DEHP (2% w lw)  in the 
diet for 3-4 weeks. Animals were killed by cewical dislocation, and hepatic mitochondria 
isolated' Polarographic determination of oxygen uptake was made In a Gilson K-ICT-C oxygraphZ 
The cytochrome content ot mitochondria and sonic submitochondrial particles was calculated 
from difference (reduced-oxidized) spectra. 

lncorporat~on of amino acids Into mitochondria ~n v~tro was carried out in the presence of ATP 
generating system For the determina;ion of half-life of rnitochondrial '~1 bicarb0 was used 

Cholesterol in the serum and liver was determined after saponification and extraction into 
petrol3 The content of ubiquinone in liver and subcellular fractions was determined by 
sWctrophotomet~~~ Microsomal H M G C ~ A  reductase was assayed according to Shapiro et aP. 
and 70-hydroxylase accord~ng to Carlson and Goldfarb6. 

3. Results and conclusions 

Administration of DEHp (2% w/w) in the diet decreased the weight gan  of animals by 10-2@%. 
the sire of liver by 40-50% and depressed serum cholesterol by 4% and doubled the 
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FIG 1 Structure of diethylhexyi phthalate iDtHPi 

mitochondrial protein content (fig 2) The number of mitochondria pcr liver cell was doubledon 
DEHP administration. These mitochondria showed decreased respiratory activity (50%) i h e  
content of cytochrorne oxidase also decreased by half The specific incorporation of am{noacds 
into the proteins of whole liver and into mitochondria was not enhanced The half-lives of whole 
liver proteins and of mitochondria were increased In the plasticizer administered animals, 7he 
half-life of cytochrome oxidase was, however, unaffected by the treatment 

Mhcrosornes isolated from the livers of DEHP-fed animals showed lowered specific activity of 
HMGCoA reductase activity (50%) The InCOrpOratlOn of acetate but not of mevalonate into 
hepatic cholesterol was decreased (52%) in, these anlrrlals The release of b~le acids was 
increased by 100% and the aC?lvity of 7n hydroxylase was stimulated 70% on DEHP 

Days of OEHP feedmg 

FIG 2 Effects of adminislrat~on of DEHP Rat- 
were fed with DEHP 12% wlw) r l  the diet for the 
per~od indicared The values represent the Increase 
or dccreasc of body we~ght (01. serum cholesterol 
(Dl, liver weight/lOQ mg body welght (.I and ltver 
m~tochondrld (11 taking the corresponding conrrol as 
100 Some typical values of standard deviat~on are 
also shown 

Days after injection of precursor 

FIG 3 Effect of admlnlstratlon of DEHP an the 
Concentration of ubiqutnone In rat liver The conten 
trailon of ubiquinone (nmoleslg l~verl In canlral (01 
and DEHP-fed (2% wlw) an~mals (0) are gnell Same 
typical values of standard devialion are indicated 



admlnlstrat\on Even though the capacity Of mitochondria to ox~dize the side chaln of cholesterol 
llot enhanced in DEHP-fed animals. the hall-life of cholesterol In liver had decreased by 50% 

In treated anmais 

~h~ of  DEHP caused a hee- fo ld  increase in the content of ubquinone in liver 
iflg 3) The concentralion or the qu lnonehg  of mitochondrial protein doubled The increase lrl 
ubiquinone concentration is caused by a stimulation of synthesis and not by a change in the rate 

of degradation. 

Neither the administration of the antithyrod agent propylthiouracil nor thyroidectomy affected 
the hypocholesterolaerriic action of DEHP Mitochondrial proliferation was also not affected The 

of carnitine acetyl transferase was not affected by thyroxine deficiency. In contrast, 
DEHP-induced increase in u-glycerophosphato dehydrogenase activity of hepatic rnitochondr~a 
had significantly diminished on thyrosine depletion There was no decrease in the circulating 
levels of thyrox~ne in animals fed wi th DEHP These results indicated that thyroxine may not 
med~ate the action of DEHP except in the lnduct~on of a glycerophosphate dehydrogenase 

The potential of DEHP as a antihypercholesteroiemic drug should be explored 
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Thesis Abstract (Ph.D.) 

Blue-emitting ac electrolurninescence (EL) in Zn, _,Mg,S:Cu,Br powder phos- 
phors by  R.  R e v a t h ~  
Research supervisor: T, R N. Kutty. 
Department: Inorganic and  Physical Chem~st rq  

1. Introduction 

[he recent advances ~n informatlon-processing technrques have st!mulated lnvestlgatlons on 
nanY kinds of display devices The large area LED d~splay panels. based on pn-lunCtl0n light 
?mission is presently at cross roads between monolithic and drscrete assembly The former 1s 
mlted by the high-power dissipation and the latter, due to difficult~es in fabrication and high 



2. Experimental techn~ques 

Thc Zn, ,Mg,S CIJ.B~ p o w d ~ r s  hdve been p rep~red  by firing dppropriate Jmourlts of ZnS and 
Mg{OH)? MgCOi in H,S at 900°C Cu and Br drc added 111 thc forni of  copper acetate and 
ammonium broinde, respect~vcly I'hosphor is washed with KCN to remove excess Cu lramthe 
surface The C L ~  and Rr contents In the resultant [~hosphor arc cst~mated The Zn,.,h;\g,~ 
powdeis are prepared lor various values of x anti tlle phase CUrltentS are deiermlned. Lattice 
pararneteis dre calciilated for hoth hexdgond ;lrJri c i~bic phases Opticsl absorpt~on and 
luminescence spectra dre tdken tor the solici solutions T l ~ a  band gap E,, is determined as a 

f u n c ~ i o ~ i  of x using diffuse-reflectmce tediniqur 

The lurninescencr properties .ire studied 111 the phcilo and eiectrolurir~riescence mode EL 
panels are prepared irorr~ Zn,, ,,Mij, ,:,S 0 Smole%Cii,O 3mole'%Br The dependence of C! 
brightness on voltage and freqirercy is determined Ptiotolurrrinescence spectra are tdken at300 
and 8 0 K  for d~fferent values of x as well as lor varylrly iCuI IBrl rdtios 

Ourlng the ~nvestigat~on on Ihe deterloration of EL ~~hospt iors it IS found tna! the life timeofthe 
phosphor IS influenced by impurities present ndtivcly The e f f t x r  of Mn has been studied using 
the EPR techn~que. ?he ritensty of the Mn' signal 1s mon~lored for phosphors wlth vatyng Cu. 
and measured before and after its deteriorat~or. The brigillness is rne~sured for Mn valylngfrom 
10 to 10-4moic% 

One of the tecliniyues used by workers of  the pas; lor the ir-iii~iovement of  the life time of EL 
phosphor is to anpeal Lhe phosphor in statlc air after the intiol firing' Tlie ZnS.Cu.Br and 
Zn, ,Mg,S Cu,Br phosphors w ~ t h  varying [Cui,lBil are aiinealed in atmospheres of valyng Po, 
The luir~~nescerice. EPR spectra and the deterlordtion characteristics of these phosphors have 
been studied 

3. Results and discussion 

The proparation of Zn, -.Mg,S powder IS cornplicateii by the unreactive nature of MgO, f formed. 
during the reactlon Heating MgC03 M S ( O H ) ~  with ZnS can lead to Zn, . ,Mg,S without MgO if 
care Is taken to avad mo~stiire in the starling r-ridterial The solub~lity l imil ior MgS In ZnS ~ 2 4  
mole% at 900°C The formation of the sol,d soutior IS accompaniecl by a lransfornlaton of the 
ClyStal structure from 3C to 2H as the vvalues are increased Lattice expansion also takes pkce 
along with. However. the x values vary somewhat with cond:tions of preparation and the 
temperature of firing Knowing the stability reglons of 2H and 3C. a pseudoblnav phase diagram 
~sdrawn It 1s found tt-iat the band gap E,, increases with xvalues ~ h c  Vegard's law is not obeyed 
for the Zn, .Mg,S sohd solut~on 

The photoluminescence (PL) spectra of Z~, . ,M~,S show an intense blue emwon 
( Amax =468nm) The intensity of the emission is two orders 0: !magnitude greater t l m  the 
corresponding emlsson for pure ZnS The antcns~ty reduces if x is increased beyond 00~~'. 



AC  panels prepared froin hi ,:&kh 1 d  0 X u . 0  3Bremit in the blue unaccompanied by any 
band The bri~ihtness lilcreases w!tk increasing operating voltages and saturates 

300cdim' [he emission mnxlnid IerTIain unchanged with fieqiiericy of  operation The 
temperature shift of A,,,,,. ""da"lf-i-rld width are smld r  to those observed for CU bl~le emission 
, zns Cu,Br For LnS under the sanie condtions of operation the A ,,,,, is 520nrn The PL 

are similar in cl~aracter to EL spectra ForZnq!l',Mg,, i S  Cu.Br the emission maxima vary 
with leu! [CU] is 10 ~ %ioie% the emission :;pectrum stiows both the blue and the green 
bands If [Cul  is Increased to 0 51170le%. only the blue band is observable 

The EPR spectra of LnS Cu.61 ~ l l 0 ~ p h o l S  illticate the presence of M n  present as native 
impurity The intensity of Mn.' + EPR signdl increases filth Cu Tne intensity enhancement is "lore 
percept~blefor lower conCPnt1,ltlOns of  Mn M n  plays an important role in the deterioration of EL 
phosphor r h s  is checked by lneasurinq thc EPR intensity before and after the deterlorallon 
the phosphor The Mn'+ signal intensity decrease5 during deterioration and rcgains when the 
phosphor is reheated at 20OC to recover tile brightness 

C)n anneamg [he ptiosphOrS in air, the intensity of emission is er~tianced and there is a shift in 
A,,, to higher values Simultr~neously, tho half life of the phosphor is increased For the 
Lnl.,My,S powder. annedlirig in the Ipreseilce o l  oxygen reduces the solubil~ty lvriit to 1 1  mole% 
Farin, .Mg,S Cu.Br. tho solubility limit is further lowered wlth increasing Cu on annealing in the 
presence of oxygen 

Thc above observations indicate that substitution of MgS In ZnS gives rise to hlue emission 
whereas, the green band cmnot  be iriinimised in ZnS Cu.Br The preparation of 
Zn,.,Mg,S Cu,Br IS complicated by the I!n-i!ted solub!l:ty of MgS in ZnS The expansion of Ihe 
lattice due to M g  substitution is explained as due to the ionicity differences between the Zn-S and 
Mg-S bonds The variation of phase content with conditions of preparation ~nilcates that the 
systerrl may have therrnodynarnic rnet~stabii i ty Vegard's law is not obeyed ndicatlng that the 
sohd solutions are not ideal 

The presence of 0 SmoIe% of M g  in ZnS increases the intensity of the SA (self-actwatedl 
luminescence by two  orders of magnitude The enhancement is due to the moditicaton of the 
[VZ,-Dl' centre [Vz, is a zinc vacancy and D is a donor1 by M g  which acts as an isoelectronic 
acceptor in LnS M g  effectively screens the electron repulsive character of [V,,,--Dl' and 
increases its electron-capture cross section Hence the intensity is enhanced 

The lum~nescence spectra indicate tliat M g  can bring about a change in the natiirc of the 
luminescent centres in ZnS due to the change ir; the nature of the chernical bonding In 
h-,Mg,S, increasing the concentration of M g  modifies the lattice so that more Cu-blue centres 
are formed in preference to the Cu-green. This is probably due to the expansion of the lattice on 
Mg substitution resulting in d Ihgher conrentration of tlie interstitial Cu impurities The blue 
emSlOri in ZnS is explained to be arising from a centre of the kind [Cur,, -Cu:ln. 

The variation of the Mn2 + signal during EL deterioration indicates that hole attractive Centres 
such ds MnZ+ play important roles in the deterioration of the EL phospho: This phenornell~n 1s 
explained on tlie basis o f  the model for the EL LnS proposed by ~ ~ s c h e r "  According to this - 
model. Cu forms conducting precipitates which decorate the dislocations in ZliS These IielP_to 
concentrate the electric field at the charged dislocations in the insulating phosphor In. tk? 
Presence of Mn2 I ,  Cu is distributed as Cul+ and Cu2+ (preferentially at Lhe dislocations) which 
lncrcascs the conductivity of these precipitates. Dur~ng the kL  process:^^" can trap holes 
which results in the conversion of an equivalent amount of Cul t  to C u  The ieduction in the 



concentration of Cu2+ IS identified to be the cause o l  the deterioration The hole trapplllg by 
M$+ Is knetcally controlled and can take piace slowiy irl time during extended periods o[opera. 
tlons w i t h  this model as the back ground. the longer life time o l  phosphorus anncaled In theore. 
sence 01 oxygen is explained Oxygen forms an soelectronic centre when doped in zns nueto 

higher electroncgativity lwhcn compared to S? i. oxygen can act as a hole trap Thus, ,he 
presence of 0, the hole trapping by Mn" IS lnhiblted The i C d i  II lCu' ' I' is m3intained f o r b  
longer period of time thus slowing down the deterioration process" 
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1. Introduction 

The thesis deals with the contributions made to the chemistry o l  phosphorus-fluorine com~ 
pounds, complex metal fluorides of transition elements and to the reactive chemistry of sulphur 
trioxde. iodic acid. periodic acid. sodium nitrite. potassium nitrite, nitryl chloride. iodine mono- 
chloride and pyridinium poly (hydrogen fluoride) The chemistry of phosphorus and fluorine corn- 
pounds continues to pose excitinq and challenging problems to the chemical community' Phos- 
phorus with 11s expandable valence shell can incorporate electrons from heteroatoms and form d 

variety of ring. chain and ionic compound.., Fluorine wi th its small size and highest electronega'l- 
VltY enforces the maximum oxidation state and coordination number for the element with which It 
combines This in turn leads to several ionic complexes invoivtng fluorine Thus, phosphorus- 
f l u m e  compounds undergo a variety of reactions - such as oxidation, substitution and adduct 
formation The P F bond is stronger than P-CI bond as is evident from the ease of hydroWof 
PC13 when compared to PF, 

From the reported reactions one cdr? gauge the versatility of phosphorus atom to form several 
types of Ilpkages' Phosphorus in phosphorus trifluoride can thus undergo oxidation or substitu- 



. Experimental, results and discussion 

1 Ox!darion studies of phosphorus trichloride/th!ophosphoryi chlonde 

mvn amounts of phosphorus trifluor~de and sulphur trlox~de PFs. 
'40F8!.  

imgl (368 01 ' 
SO< 

o""Molebl were condensed illquid N 2  coolant) into a glass reactlon vessel f~t ted w ~ t h  
!54! lmgi 

icuum stopcocks and G G p n t s .  The contents were allowed to attan room temperature 125°C) 
era per~od of 10 minutes The Infrared spectrum of a sample of the gaseous products was 
corded on a Perkin Elmer-599 spectrophotometer. The spectrum md~cated the presence of 
lF3and SO2 and also the absence of PF3, indcating completion of reaction I!? ten mlnutes. Ana- 
;IS of sulphur d~oxide formed (calc 4.069 moles. obtd: 4.048 moles) irid~cates a percentage 
dat~on of PF3 as 99 50% In a s~milar manner, oleum (1 12 ml) was treated wlth PF3 r4.434 
oles (384-3 rng)] The reaction was sluggish at room temperature. However, on warming to 
0°C for 30 min. the reactlon proceeded to complet~on givlng rlse to 4.421 moles or 283 0 rng 
lphur d~oxide Thls amounts to an y~eld of 99.71%. The overall reactlon mode can be repre- 
nted as 

the case of th~ophosphoryl fluor~de, the products were elemental sulphur, phosphoryl fluoride 
3 sulvhur d~ox~de The prec~pitated sulphur undergoes further reaction with excess sulphur trl- 
de to form sulphur diox~de The reacton in each case goes to complet~on, the overall mode 
4. 

ZPSF3 + 2S03 - 2 SO2 + ZS + 2 POF3 

S + 2 SO3 -+ 3 SOz 

0xldar;on with iod!ne monochloride ( K O  

:esS ICI, 4 615 moles (750 0 mg) was taken ID a reaction vessel, frozen wlth a I i w d  NZ 
)lant, Uncondensable gases pumped away and a known amount of PF3 [I 852 moles 
3.0 mg)l was condensed over it and the contents thawed to room temperature (over a period 
'alf an hour). V~olet crystals of lodlne were deposited on the walls of the reacton vessel The 
duct gas was analysed by 18 spectroscopy phosphorus tr~fluoride undergoes complete oxlda- 



tion by this intertiaoger~ compound iodine monochloride to form PF,Cl2 with a concomitant 
alnount oF iodine thrown out The overall reaction could be represented as 

Reaction conducted in a similar fashion with thiophosphoryl chloride and iodine monochori& 
resulted in thc formation of quantitative amounts of  lodine in terms of the equation 

The sulphur formed reacts further witti the oxidant to forin sulphur monochloride resultlng 
overall ieaction of  

c) Oxrdalron studres wilk nitiyl chionde 

1 793 moles of P i ,  are condcnsed over 2 654 moles of  nitryl chloride and thawed to room 
temperature At the end of 2 hours, phosphorus trifluoride IS oxidsed to phospholyl fluoride and 
nitrosyl chloride is formed, according to the equation 

Pi-,+ NO,CI - POF, + NOCI 

It IS interesting to note that the reaction of PSF, wi th NOzCI, does not take place at room tempe- 
rature or below 1OOoC though ~herrnodynamically 11 is a favoured reaction (AGO=-41 K Cal 
mol- '1 It does not occur perhaps due to a high energy o f  activation needed for the reaction. 

The results of these nvestiyat!ons highlight the pathway of oxidation of PF31PSF3 with three 
diffeient ox~dis~ng reagents, SO,. ICI. N02Cl and r\dicate the high stability of the P-F bond and 
the easy formation of  the P = O bond resulting in the formation of phosphoryl fluoride and no 
other P-~F compounds 

2 2 Reactron of some stabie complex iiuorrdes with sulphur trroxrde 

Knowq weights of  hexafluo~ophosphates INaPF,. KPF, and NH,PF,), when treated with sulphur 
tr'oxide. \undergo abstraction of metal fluoride and release the parent Lewis acid, phosphorus 
pentafluor~de according to the equation 

iM = Na. K. or NH,) 

The salt. MS0,F. has beer1 identified by X-ray powdcr diffraction data and '"F NMR signalandthe 
gas. PF,,, by IR spectral analysis A similar type of cleavage IS noted with the pyridinium salts of 
~exdfluorophosphates. tetrafluoroborales and hexafluoro silicates on reaction with sulphur trw 
oxide The abstracted pyr~dinium fluoride gets cornpiexed wi th SOa, to form pyridinium fluoro~ 
suli~tlate. The released Lewis acid gases, PF,, BF,, and SIF, have been isolated and characteris@ 
by infrared spectral analysis The overall reaction can be represented as. 



Theimportance of these reactions bras been t m  release of the Lewis acid gases at room tempe~ 
rature and stabilization o f  the unstable wrldinium fluoride as pyridinium fluorosulpha~e 

23 ~h~ next investigation has estahllshed that the versatile fluorinating reagent, pyridinium POI,, 
(hydrogen fluoride), cdn Lie eleyarltly e m p l o w  for the synthesis of transition metal fluorides ~ h , s  
ore step ~rocedure at room temperature has several advantages over the presently reported 

which need hlgh temperatures. or report low yields, or need further work-up proce- 
dures to obtain pure salts Another dcivantage of  this method is that the oxidation stdte of the 

1s retained and the attached chlorine or oxygen gets displaced completely by fiuorlne For 
example, pyridinium hexaflurorovanadate iC&NHVF,) is prepared by reacting vanadium (v) 

(5 23 g) in portions wi th 50 ml  of  pvrldmum poly (hydrogen fluoride), PPHF, at room tempe- 
ratureina polythene vessel under a cover of  nltrogen After 1 n. 100 ml portions of chloroform arc 
added which dissolve away the displaced pyrldine and the white solid that separates out IS 

filtered, washed wrth chloroform and dried Analysis and spectral data ~dentrfy it as C5H,NHVF6 
Similarly, the salts ICsHbNH); CoFf,. iC:,H!,NH)z FeF6, and IC5H5NH), CoFc have been prepared in 
yields varying around 80--90% All the salts have been characterised by IR spectral analysis, ' g ~  

NMR spectrum and chemical analysis. The salts have been found to be very pure 

2.4 The supplementary chapter has the results of the lnvestigatlons of the reactloris of PF3 with 
iodicand periodic acid. The highlight of this work is that no iodination occurs and ~t is noted that 
they function only as oxygenating salts based on the formation of phosphoryl fluoride as the pro- 
duct of reaction. 

The next part enumerates the studies of the blfi~nctional (oxidant and reductant) compomds. 
sodlum nitrite and potassium nitrite wi th phosphorus trifluor~de This reactlon occurs only at ele- 
vated temperatures (100-200°C) The nltrites function as ox~dating specles and the product is 
phosphoryl fluoride which further reacts to form metal fluorophosphate The nitrite undergoes 
reduction to nitric oxide. The overall reaction would be represented as 
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