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l.Intmduction
Metallophnhalocyarirres (MPcs) have been qplied to NO2

gas senson for long time. Howwer, ttre re still mary
prcbluns forpmastical applications: tre sensing mchrrisn is not
yet clrified in detail ard the long-term stability and
rWoArciUitity are not achiwod" We have rcported ffrat the
gassmsing charac'teristic$ can be inproved ftrou$ a

modification of tte fitn microsfiuctrc ftr copper
pldialoryanine (C\rPc) and alminrunfluorc phfluloc5fianirr

(APcF)ftin6tr*.ltl
It is srpocted ftat fte gas seirsing pmputie of orgaric

sernicondrcton could be inpnoved by moleculr
ie., the molocular shrchne can be modified ftmrgh
clrcmos5mdresis to fit the flr5xsico-chqnical pnoperties to fire gas

sensing applicalion nmds.t4 In fie case ofAlFPc, sutxtifition of
trePc maffocyle seems bbe one oflhe rnostp''omislngways of
tming flre ssrsor response oforgaric seinioon&rcfiors.

2" F,ryerimental

The trin films ww deposited by a sublimation meihod on

fire mica srbgbafes in fire vacmrn of tr06 Pa. The source matfrial
was srblimed at 3SC500t and fire subsnates wae kept a
rcom tenpe,rahre. The fihrfrrickness was mmitffedby a quaffi
oscillmor Finally, fte 2Gfrrgu intsraigihteA gold elecaodes

w€,re v.rum evaporded offo fte films to measrre tre elecficat
curfuctiriity in NO2 anrbience dihftd by Nz gas and N2

refe,rc,lrce gas.

The sorrce materials wqe clrracterired cr5rsta[ogrryhucalty

by using tre qpectrphotrmeter and fte X-ray diffiastometer.

The conductive ctxrut oftre fitns was measured by using fte
electometer und€r the dc bias of 10 V Cras s€nsidvity of fire
sensorelemenb was dimdedby an inwase oftre cunut ( l0
in ffre interest gas anbienoe. The qerationt€nperffirc was kryt
d. l20T ard lhe gas flow r& was 300cc /min"

h tris r€pffi, fie synttreses ofthe substifised ahminurnflrnrc
phftaloryanines arc described md ffre NO2 gas sensing

characteristics offrreir srfilimed ftin fitns re discussod based on
fremoleulrstucflres.

3. Resuls and dbcussbn
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Ttre novel substitfed aluminumflrrro phlhalocymines

(AIFPcRn), namely afuminmftno
teta+&try1-phftalocyarine IAIFP& R=qCI{3hI,
ahminumffuoro oc{a-meftryl-phfralocyanine [AlFPc\
R={tI3l and alunrinrmfluoro oxyhe4ylenodiedryl malonafs

-phthalocyanine hfPc& R=-O(CH2)6CII(COOC2H5[ I were

qynthesired by usurg AlClr as Al sorr€e md IIF acid as F sotrce
trru$ condensdion of fie phtralonihile (a,sdimeftryl
ptrthaloninile fm AIFP\ 4-r{rdyl-ptrtralonifrile for AIFP&
n+atlmcylenodieflryl malon*e -phlhalonitile md
o-ptdralonihile forAlFPcR).

The volalility and soltfiility of AIFPc& could be ailribtf€d
to fte characteristics of fire t-brfryl radical \,\&ich occrryies a vast
qpaae to weaken tre interastion betrveen tre Pc macrccyles.

M€dryls in AIFPc& are too ffiall to dlarge the volatility ard
solubility noticeably. As for AIFPcR, fte high veorizdim
t€mperdne stems ftom its higfu moleculr weiglrt ad ib
solubility may resuh frrom flre flerdble substitrcnt

The NO2 gas sensing chwrctaistics

Compard to AIFPc fihnso all fire AIFPcRn films have lower
sensithiity but tre response md rrcovery of AIFPcR filrns re
fast€r than AIFPc fihns. Of tre ftree srbsnh*ed Pc derivdives,

tre AIFPcR shoun tre higlrest sursitivity and tre fastest

rcsemsdreoovery \rfr€reas AlFPcfu erftibits tre lowest

s€nsithrity and the slowest rcWonse/ruovery. It is clear that fire

gas s€nsing clwacteristics of AlFPcRn ae sfungty inffusrced

W lhe sftstihnft: tre monosuhihrted MPc slroun b€ffier

resemse/rcoovery rEnoArciUitity ftan tre unsubsnhrted

oomterpart brs fte sensitivity md recovery of frre tetra- and

ocf,a*ubstihilied phtralocyanines re worse tran sinple AIFPc.

The rcsulF seern to be anrihfexl to lhe nr.mber and nmne of
ihe substifirmF $,hictr may changp fte physico+tremical

propaties. The gas sasing properties of fire zubstihfred MPcs

re understrrdable in enns of tre electondonating effoct and

ffre shric etrects of fte sr$sfth€nb. As MPcs belong to ptlpe
semioon&c"tus ad all tre nfistitre,lrb are elecrlrrondonating

gorys uthich may inwase fte electur dsrsity renrlting in a
deu€ase in flre nrmber of curier (tnle), fu sensitivity should

docrcass &te to fte subst'rnrents &l fte otrer har{ ffre
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suhhrcnts re lmded in ffre pedph€ral rings ard oocr4y a
spaoe to prrodrce tre steric etrects ufiiclt may have boilh fte
positive md negative influenees on fte gas s€nsing prcperties.

The irferstack distaroe and fre Fc-Pc ring dishoe in tre same

shck seernto be enlaryedbytre steric effecG, wfiichmay favor
tre diftsion r-ate. Hourwe4 too many sub$itrenb in tre Pc

molecules cur also occupy lhe NOz gas molecule pass way to
hinderfu inbrac{imbetrveenNO2 adPc ri:ngto carsefte slow
response adlhe ftrcorylete rcoovery.

The irpoved sensing chacteristics ofAlFPcR seem to be

ascrfoEd, irter alia, to ib aqmrmeftic moleculr sfiuchre. The

asymmetical disfiibution of ffre oonjugated m qystem indrcd
by dre asynnnefric moleculr stuchre may take tre
intennoleculr clrarge tansfer prcoess betrrsr NOz and dre

ou$ugat€d fi system easien In additiorl trepositive influenoeof
steric efect of single substiHrent may exceed tre negative

influence.
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Fig I Srccessive rcryoretmtery of6 nm filnrs

The oonductivity of all fte 6 nm firick films (Fig. 1) and fre
14 nm ffrick films ofAlFPc and AIFPoR decrease whwas tre
conddivity of 14 nm films ofAlFPc& and AIFPcRs inq€ase

fiom me cycle to anofrrer fuing drc initial cycles. The AIFPo

fitn declins more ryffirfly thm its subSitfed count€rpnts.

The drrease infte oorxfrrc{ivity is clerly reldedto dmrease in
trc adsorption sites of tre fihn which could be ascribed to tre
NO3- poisoning effectFl The NQf poisoning effecf may adse

frumfte tansformation ofMPc*, Nq to MPc*, NO3', wtrich is

formd ineversibly wih q alxofted in fte fihrr As NOi is

more shoqgtybondod to MPc+trmNo2-, ittends to localize fte
ptlpe ctrarye canie,ls m MPc* and to re&rce tre nmber of fee
cmiers. At ffre same timg dle numba of the adsorption sites

available to NO2 molecules decrcases at each doeiqddedoeing

cycle &re to tris poisoning.

Condrcnivity increase could be &re to the inner adsuption
effc{. On each Nq doprng, new adsorption sites inside tre film
cm be reachd by NO2 molecules to profuc€ higfrer md higher

conOdivity. The new availability ofthese sibs oouldrcsult fiom

tre moleculr snum:re, micmstnrchre and fiidnress offire fihn
Increase or decrcase in conductivity depends on

both inner adsorption effect and Nq- poisoning effect.

If MPc has no or less suMtuent (e.9. AIFPc or
AIFPcR) or the film is very thin, the reqponse/recovery

behavior may be dominad by NQ- poisoning effest
For MPc witrr mor€ zubstituents (e.g. AlFPcRr q
AIFPcRg) or thicker filrr1 ib sensing properties will be

dominated by the inner adsorp,tion effect

4. Conchnfun

The NOz gas sensing properties can be modifid by tre
substinrcng drmu$ fteir electondonding and steric etrecb.

The sensirg chracteristics of MPcs can be inprcved by

inhoducing only single substinmt irmo ffre Pc molanle hfr too

many substinrents in the molecule decrease tre sensitivity ard

det€riorde fte gas rcqpdrsef€covery. The mono*r.rbstififrod

MPc prcvides fte best conrbindion of tre gas sarsing

ctmacferistics, ie., hi$, sensitivity wih ggod stability and

rreprdlcfuility, for use in detesting ard measuring low

cmcerftation (l prt) NOz ga.s.
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