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CONDUCTING PARTIALLY OXLDIZED GROUP IIIA HALO-PHTHALOCYANINES 

D.C. Weber, P. Brant, R.S. Nohr, S.G. Haupt and K.J. Wynne 

Naval, Research Laboratory, Washington, DC 20375, U. S.A. 

Rdsum6 - Nous ddcrivons les rdsultats du dopage des fluorures et 
chlorures de phtalocyanines du groupe IIIA avec les sels nitrosiles 
de BF; et PFZ. Un rssultat intdressant est que, bien que non poly- 
mcrique le chlorure prdsente des propridtds semblables B celles 
observdes.sur le fluorure qui est polymdrique. 

Abstract - We report results of doping Group IIIA ph_lhalocya_nine 
fluorides and chlorides with nitrosonium salts of BF and PF6. 
Although the chloride system is not polymeric it exhlbits 
properties similar to the polymeric flouride system. 

Because of their thermal, photo, and hydrolytic stabilities, phthalo- 
cyanines (PC's) have received considerable attention in the quest for new 
electroactive materials. Previously we reported that the iodine doping of 
PoMF(M=Al,Ga,Cr) gave highly conducting (PcMF1x)n compositions (12). Based on 
x-ray powder pattern studies, we assumed that the bridged-stacked structure had 
a ring-ring separation of 3.668 and 3.868 for PcAlF and PcGaF respectivelp. In 
continuing the investigation of these phthalocyanines polymers, we ~sedB";;d 
PF as dopants and found that the resulting prodncts had very good therma 
oxfdative stabilities. In addition, the corresponding PcMCl systems were 
prepared and studied. We present the results of that study. 

The precursor phthalocyanines. PcMCl, were prepared from the reaction of 
phthalonitrile with the appropriate metal chloride. The PcMCl was converted to 
the fluoride PcMF, by base hydrolysis followed by treatment with BF. 
Nitrosonium salts of PF6 and BF4were purchased from Alfa Inorganics and stored 
at -lO°C until used. Weighed portions of the PoMX and the appropriate 
nitrosonium salt were transfered in a dry box to a reaction vessel containing a 
stirring bar. The reaction vessel was then attached to a vacuum line and dry. 
degassed nitromethane was condensed into the vessel. When the mixture warmed 
to room temperature, a gas evolved from the solution for approximately one half 
honr. After standing for an additional half honr, the reaction vessel was 
opened to air and the reaction product filtered. The product was washed with 
portions of nitromethane and dried in vacuuo. h e  to the extremely small 
particle size some of the PcMX was lost and typical yields were -85-90%. 
Elemental analysis (Galbraith Analytical Labs. Knoxville. 'IN) were obtained and 
are summarized in Table I. Products were further characterized by a number of 
different pkysical aethods. A Perkin-Elmer 58B Speotrmeter was used to record 
infrared spectra of the prodncts as Nnjol mulls supported between KBr plates. 
Thermogravimetric analysis (TGA) were recorded using a h p o n t  951 Controller 
coupled with a 2990 Thermal Analyzer. Electron spin resonance spectra of the 
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powders were recorded at X-band with a Braker W-200D Spectrometer. 
Conductivities of pressed pellets were determined by the 4 point van de Paaw 
method.(3) Single crystal x-ray structures were performed by Molecular 
Structure Corporation. 

Table I 

Elemental Analysis for [(PcMF)(Y)xln 

C H N A1 or Ga F P or B 

(PcAlF) (PF,), .., calc. 64.1 2.67 18.7 4.82 8.49 1.45 

found 64.4 2.87 18.7 4.54 7.55 1.26 

(PcAlF) (PF), . , , calc. 59.7 2.49 17.4 4.19 13.4 2.84 

foand 59.6 2.75 17.2 3.57 11.5 2.43 

(PcAIF) (BF,), .,, calc. 

found 

(PcGaF)(PF,), .,. calc. 59.4 2.48 17.3 10.8 8.4 1.49 

found 59.5 2.68 17.3 10.9 7.45 1.54 

(PcGaF)(BP,),.,, calc. 54.1 2.25 9.82 16.07 

found 53.9 2.78 10.3 8.1 

Results and Discussion 

The reaction of PcMF with NOBF, and NOPP, to yield [PcW(Y)xln occurs 
rapidly in dry nitromethane or methylene chloride. These compositions have 
good therum1 stability as evidenced by the relatively high temperature (125°C) 
required to cause a weight loss during TGA analyses.(Figure 1) Mass spectro- 
scopic studies indicate that the weight loss in the temperature range 
125-1750C is qredeominately due to+loss of organic fragm~nts assigned to 
C6H4(CN)(CNF) , M/e=147; (C,H,)CNE . M/e=104; and (C,H,) . M/e=76. This is 
contrasted to weight loss (TGA) or fragmentation (MS) studies performed on the 
pure anoxidized PcMP, which does not show decomposition below 400°C. The 
initial decomposition process is believed to result from reaction of the dopant 
anion and the oxidized PC ring. Further support for the argument is give by 
mass spectroscopic studies+at higher temperatures that show dopant ion 
fragmentation peaks (eg PFn n=1,4); conspicuously absent from these spectra are 



the molecular ion peaks, i.e.. B F ~  or PP~. 

TEMP. CC) 

Figure 1 Thermogravimetric analysis of (PCALF)(PF,)~.~~ 

The IR spectra for pure and oxidized PcAlF are compared in Figure 2 and 
show major-fifferences. A broad envelope of absorption that is centered at 
ca. 1800cm increases in intensity as the dopant concentration is increased. 
This low lying electronic absorption is superimpgsed on, and eventually 
obscures, all but the strongest IR peaks. In PF6 doped samples the sharp 

absorption characteristic of PF; is observed at s45cm-'. The BF; peaks of 
appropriately doped samples are not observed due to the PC peaks. 

. . 
3000 2000 1t100 1000 1400 *OOO 100 
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Figure 2 Infrared spectra of pure and doped PcAlF. Lines denoted with (*I  a 
due to mineral oil. 
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C ~ m p r e s s e ~  pellet conductivity measurements give high c o n d ~ c t i v ~ f i e ~ ~ f o r  
the BF and PF6 doped materials. For (PcA1F(PF6)0.59)n, om=0.3 ohm cm and 

4 -1 -1 
for (PcAlF(BF4)0.9)n. um=l ohm cm . The analogous Ga samples give aRT=2xl~-2 

-1 - 
o c  for a 66% PF doped coiuposition, and um=.2 ohm-'cm-' for a 90% B F ~  
doped sample. ~ouductPvities reported are for the highest obtainable doping 
levels; lower doping levels give lower conducting samples. Temperature 
dependent conductivity measurements reveal low activation energies for 
PCAIF(PF~).~ (0.051 ev) and (0.068 ev) for PCG~F(PF~).~. 

The ESR spectrum of the pure, nnoxidized polymer does not indicate the 
presence of unpaired electrons, but the (PcMF(Y)x)n materials exhibit ESR 
spectra having a single, narrow, nearly symmetrical absorption with a g value 
very close to the free electron value (2.0015-2.0022).(Figure 3) The line 
widths are between 0.3 and 2.56 and the line shapes are strongly Lorentzian. 
The temperature dependent ESR measurements from -1500C to RT exhibit Curie 
behavior. The number of unpaired spins formed per dopant molecule was 
determined independently by ESR and magnetic susceptibility measurements and 
fonnd to be between .003 and 0.3. These results are consistent with the 
existence of hole-species produced by partial oxidation of an electron band 
formed from the extended PC rings. The combination of the free electron g 
values and the narrow line which indicates that the unpaired electrons are 
delocalized on the PC rings. 

Figure 3 Room temperature x-band ESR spectrum of PCAIF(PF,)~~~~. 
Frequency modulation 100kEz and modulation amplitude 0.86. 

Single crystal x-ray diffraction studies of PcGaF have confirmed that the 
structure of these compounds is identical to the model based on earlier ponder 
pattern studies. The PC rings are stacked in an eclipsed fash'on, and bridged 
by fluorines with a ring-ring spacing in the 6 a  system of 3.878. 

The remarkable feature of these materials is the stability of the 
conductivity after exposing the samples to ambient air. The condu tivitx ofla -9 sample of 1PcA1F(BF4).44ln stored in ambient air remained at 3x10 ohm cm 
for more than one year. The stability of IPcMF(P)xln to thermal stress and air 
oxidation is contrasted to the behavior of the iodine doped PcMF (2) and many 
other conducting polymers.(6-8) 

Because the PcMCl derivatives are the precursors to the corresponding 
PcMF analogs, a considerable amount of time and effort could be saved if the 
chlorides underwent similar doping. Although the PcMCl derivatives are not 
believed to be polymeric, the similarities between the PcMCl and PcMF systems 

were sufficient to warrant attempts at doping the PcMCl materials with the 



nitrosoniam s a l t s  of BF- and P F ~ .  The PcMCl der iva t ives  behaved analogously 
4 

and gave products with s imi la r  propert ies .  

The thermal s t a b i l i t i e s  were the same a s  noted with the f luor ides ,  ie.e. 
the  samples decomposed a t  -1250C l i b e r a t i n g  mostly organic f r a c t i o n s  containing 
f luor ine .  The IR spec t ra  a r e  s imi la r  but the  underlying-flectronic band 
appears t o  be centered a t  -2200 cm r a t h e r  than 1800 cm . This band a l s o  
shows the same growth i n  i n t e n s i t y  with increased doping concentration. Also. 
i n  t h e  PcMCl der iva t ives  we observe the  PF6 s t r e t c h e s  t h a t  were obscured i n  t h e  
PcMF system. 

The pressed p e l l e t  r o q  t e m q r a t g f e  conduc t iv i t i es  a r e  3.7~10-~ohm-~cm-~ 
f o r  PcAlCl(PF6) 1.3.10 ohm cm f o r  PcAlCl(BF4) .5, 1.4 ohm-' omv1 f o r  -. - 4  

PcGaC1(PF6) 7 ,  and 3.2 ohm-A om-A f o r  P C G ~ C ~ ~ B F  ) . The temperature dependent 
measurement& give a c t i v a t i o n  energies  of 0.09 e$ d d  0.019eV f o r  t h e  70% doped 
PcAlCl and PcGaCl respect ively.  ESR experiments again give the sharp, narrow. 
f r e e  e lec t ron  g values f o r , t h e  doped chloride a s  was observed f o r  the  
f luor ides .  

A s ing le  c r y s t a l  x-ray s t r u c t u r e  has been obtained f o r  PcGaCl and proves 
conclusively t h a t  the s t r u c t u r e  i s  not polymeric. The PcGaCl u n i t s  a r e  
arranged i n  a  skewed s tack  along the  b-axis of the  t r i c l i n i c  u n i t  c e l l  (Figure 
4 ) .  The in te rp lanar  spacing i s  6.92 and i s  too la rge  t o  allow the n 
i n t e r a c t i o n s  t o  give r i s e  t o  the  e l e c t r o n i c  p roper t i es  observed. A c l o s e r  look 
a t  the  c r y s t a l  s t r u c t u r e  reveals  t h a t  the  adjacent s tack  i s  arranged so t h a t  
the  chlorine atoms point down and t h e  PC planes in te r leave  with the  or ig ina l  
s tack.  This gives a  PC-PC planar  spacing of 3.411; a  value t h a t  is  cons i s ten t  
with the observed e l e c t r i c a l  p roper t i es .  

Figure 4 View along b a x i s  of PcGaCl c r y s t a l  (Note C1 s i t t i n g  above the  PC 
plane) .  

I n  summary, we have prepared new, s t a b l e  compositions whose oondact ivi ty  
i s  var iab le  by 7-9 orders  of magnitude. This i s  p a r t i c u l a r l y  s i g n i f i c a n t  i n  
view of t h e  p rocessab i l i ty  of the parent diamagnetic mate r ia l s ,  which can be 
sublimed t o  form t h i n  films. We have a l s o  demonstrated t h a t  the parent 
mater ial  need not be polymeric t o  give r i s e  t o  the  good e l e c t r i c a l  propert ies .  
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