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METALS
NE\^I MBMBERS OF TiIE SIRIES OF QUASI-ONE-DIMENSIONAL(pnnvr,nl.rs)2tufm"t)tl M=nr ,rNn gs -

V.P. GAMA, R.T. HENRIQUES and i.{. ALMEIDA

Dept. Quimj-ca, ICEN-LNETI, p-2686 SACAVEM Codex, PORTUGAL

ABSTRACT

Electrocrystallisation techniques afford the preparation of single crystals(Per)zM(mnt)2 M=Ni and cu. sysiematic transport properties measurements give
evidence for the existence of two phases, one ir ct-phasgtt metalric and oneother 'r B-phase" with.semiconducting properties. These results are conparedwith other compounds in this series with M= Au, pd, pt, Fe and Co.

INTRODUCTION

The compounds (Per)ZlM(mnt)2J (mnt= maleonitriledirhiolate) with M=Nla'd cu $rere the first compounds to be prepared in this series of lowdimensional conductors, and they were reported to be semiconductors byAlcacer and Maki [1] more than 15 y..t" ago.- Later compounds with M=pd, Auand Pt rrere obtained as singre crystars and reported as mert.ars at roomtemperature with Metal-Insulator (M-I) transitions at lower temperatures(at 29 and 7 K in case of l,l=pd ancl pt respectively) [2,-.]. fi,."" compoundshave an'unusual behaviour [4,5], of conduct:.ng reryt.rr. 
"t.irr" and rnagneticl't(mnt)z chains that undergo a dimerisation at the M-r transition [3].rn order to achieve a better overall understanding of the ihysicalproperti-es of the different members of this seri-es, together with thepreparation of new nembers with M=Fe and co, we recently rlinvestigated theNi and cu compounds. rn this paper we present resulti of a slstematicinvestigation of the transport pioperties of these compounds, and theresults are compared with those obtained in other member" oi thi" series.

EXPERIMENTAL

Single crystals (up to = 3x0.05x0.03 mn3) of the compounds with M=Cuand Ni were obtai-ned by electroirystallisation from dichloronethanesolutions of Perylene and TBA U(rnnt)Z on platinurn electrodes. The bestcrystals were obtained employing galvanostatic conditions. For M=Ni acurrent density of 10-15 iilA/cmz during ] to 5 days was used while for M=cularger current densities 100-200 uA/cm2 ""." .riloyed for 2 to 3 hours.Erectrical resistivity o and thermopower s werl measured in the range10-300K in a closed cycle refrigerator. Resistivity was measured ustng foirelectrodes and an a.c. current ( =l A) at 70ltz, tire voltage being meisuredwith a lock-in amplifier. Thermopower was measured using 
" ilo, a.c.
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technique ( *0.01H2) and gradients of :1K. Contacts to the sample were made
with platinum paint. L: a large number of crystals, after thermopower
measurements, two extra voltage contacts were placed on the sample, without
renoving iL from the crvostatr so that both resistivity and thermopower
measurements were performed in the same crystal.

RESULTS AND DISCUSSION

Elemental analysis of C, H and N performed in different batches of both
M=Ni and M=Cu gave results consistent with a stoichionetry of
(Per)ZIl'l(nnt)Z]. Resistivity and thermopower measurements performed in a
large nunber of samples from different preparati.ons gave evidence for two
distinct behaviours occuring in both the compounds with M=Ni and Cu, as
shown in Fig. I and 2.

One set of samples (denoted as (i-phases) show a semiconducting
behaviour that is similar to the one reported earlier in these compounds
[1], with ont =50-100 O-lcnr-l. At lower temperatures resistivity increases
with an aparent activation energy that increases smoothly at lover
temperatures reaching 45 meV at 100K. This semiconducting behaviour is
confirmed by the thermopower that increases upon cooling from a value of
22 UVK-I at room temperature to 60-80 py6-r at 100K.
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Fig. 1- Temperature dependence of the electrical resistivity along the chain
axis of (Per)Z[M(mnt)21 for o, and B phases, with M=Ni and Cu.
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One other set of sanples (denoted q. -phases) have higher roon
temperature conductivity o p1=700 5-l-rcm-r wi.th metallic behaviour (dp/dT>O)
dovrn to lower temperatures where a M-I transition, better seen as a sharp
maximum of do/dT, occurs at 25K for !l=Ni and at 32K for M=Cu. Thermopower
measurements on these crystals confirm the metallic behaviour and the M-I
transiti'on. At room temperature, thermopower is positive, 35 pVK-1 for M=Ni
and 38 pVK-l for M=Cu, with a behaviour approxinately finear in T down to
l20K where it reaches constant values before starting to increase again near
the M-I transition. The metallic behaviour of these phases is very sirnilar
to the one observed in other compounds of this family, except for the clear
M-I transition absent in the gold compound that instead seems to undergo a
gradual localisation at low temperatures [3]. The positive thermopor,rer
observed in these compounds indicates hole type carriers, consistent with
conduction via the 3/4 fi1led band of the perylene chains. From the llnear
regime at high ternperature in cr -phases and as previously done for the
Au, Pt and Pd analogues [6], it is possible to estimate the bandwldth to be
0.55eV for M=Cu and :0.60eV for M=Ni.

Although minor variations on the resistivity results of clifferent
B -sarnples r,rere detected, ip. the large number of samples tested, comj.ng from
different batches, we never observed any intermediate behavlour between
those of cr and B samples. The evidence for two similar phases was
previously reported in the analogue with M=Co [7]. In the other compounds
of this series previously studied in our laboratory with M= Fer Pd, Pt and
Au we have only observed the rnetallic behaviour characteristic of the
phases. A comparison of the transport properties of the differentqand B,
phases of the compounds of this series, so far studied in our laboratory is
summarized in Table I. The occurrence of both Cr and B phases is present at
least in compounds with 3 different transition metals. While the netallic
phases (o) are associated with regular chains of closed packed perylene
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Fie, 2- Temperature dependence of the thermoelectric power along the chain
axis of (Per)Z[M(mnt)21 for o, and B phases with M=Ni and Cu.
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Table I- Transport properties parameters of different phases of(Per)z[M(rnnt)z] Ty-1-melal insurator transition tlmperature,
A-1ow temperature [ap derived from resistivit-y.

Compound
M

(dp /dr)
RT

ORT
( Ocm)-r

snt
( uvx-I)

Tu-t
(K)

A
(neV)

0-Au

0-Cu

8-cu

a-Pt

0-Pd

o-Ni

B -Ni

o-Co

B -co

q -Fe

>0

>0

<0

>0

>0

>0

<0

>0

<0

>0

700

700

80

700

300

700

r00

150

80

150

32

38

22

32

32

35

22

42

22

42

32

7

2B

25

73

58

20

90

10

15

90

60

90

50

norecules.. [8], the structural origin for the semiconducting properties of6phases is not yet known. Further x-ray diffraction studies are in progressin order to clarify the structural differences between q and B-pi.""E".
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