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Time-of-fltght sturhes of the drtft moblhty of holus m crystalline todoform are reported. The mobdttxs were mcxurcd 
along Ihe crystal w-fold aw (cl and tn the duection perpend~cuhr to c Mobday wlues above 270 K follow 3 Tmn dcpcn- 
dcnce wth n = 0 3 and I 5 for the two duccGons, rcspccwely. Below 270 K the mobrhtles are tcmprature xtiwrcd. 

1. Introduction 

Recent studies of the steady-state [ 11 and two- 
photon-induced photoconductiviry [‘_I m iodoform 
(tniodomethsne) single crystals have shown that iodo- 
form exhibits a high phorogeneration yield when ex- 
tired with light of wavelengths shorter than =340 nm, 
or, by a two-photon absorption, between 480 and 
640 nm. The present paper supplemenis these investi- 
gations with data on time-of-flight measurements in 
iodoform crystals provlding informatron on the draft 
mobility of charge carriers. 

2. Experimental 

Iodoform was punlied by multiple vacuum subhma- 
tion, the Initial sublimation step being carried out 
through actwated carbon. Smgle-crystalline boules 
were grown from the vapour phase by the method de- 
scribed in ref. [3]. The purification and crystal growth 
steps were carried out n the dark to avoid decomposi- 
tion of the material (cf. refs. [4,5]). Plane-parallel ssm- 
pies, typically 0.4-l 3 mm thick and 10-X mm* in 
area were cut with a wire saw. Sample surfaces were 
gently polished on a tissue soaked either with a mix- 

ture of ethyl ether and chloroform or with tetrahydro- 
furan. Such a procedure was found essential for obtain- 
ing goodquality current transients. 

lodoform crystalhzes in the hexagonal system [6- 

91, thus the moblhty tensor has only two independent 
components- that corresponding to the drrcction of 
the sls-fold axis (the crystallographrc c 3x1s) and that 
perpendrcular to it. Hence, the determinatron of the 
complete tensor requires, in prmciple, that the mobih- 
ties be measured only in these two crystallographic 
duections. Accordingly, the samples were cut in only 
two onentations which could readily be checked with 

a polarizing microscope. 
Measurements of the draft mobility were carried out 

by a stdndard time-of-flight technique usmg apparacx 
sunilar fo that descrlbcd in ref. [IO]. The duration of 
employed polychromaric bght pulses produced by air 
sparks was ~3 I.CS and the overall time constant of the 
circuitry was below 1 vs. Special care was taken to 
avoid the build-up of space charge m the material, 
hence low-intensity light pulses were employed to 
generate the carriers and the bras field was apphcd to 
the samples only unmedlately before each transient. 
Consequently, we beheve thar the measurements were 
taken under the small-slgnal regime [I i] . 

3. Results 

Polychromatlc pulses of light used in this study 
have been found to generate photocurrents of both 
agns, i.e. for both polarities of the dluminated surface. 
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Transtent currents which could be attributed to eke- 

trans or holes, respecrively, did, however differ con- 

siderably m shape. While positive (hole) photocurrents 

exhibited a behaviour resembling that of an ideal trap 

free transtent, negattve (electron) photocurrents showed 
the exmence of rapid deep trapping (fig. 1). fn both 

cases the bulld-up of signals exceeded significantly the 

response time of the measuring system, possibly indi- 

cating the influence of shallow surface traps (cf. ref. 

f~-7Jl. 
In nlost cases the pezk magnitudes of etectron photo- 

currents were about an order of magnitude lower than 

those of hole photocurrents. Thus difference IS much 

less pronounced than that observed for the steady-state 

phorocurrents [I]. and, in view of rapid deep trappmg 

of electrons, does not contradict the assumptton made 

in our previous papers Ii ,1) that the photogeneration 

in todoform is an intrinsic process. 
hleasurements of the remperature dependence of 

the photogenerated charge showed that the activation 
energy of the photogeneration amounts to =O.Ol- 
0.03 eV within the range 290-360 K. The charge was 

rig. I. Typical photocunent transients ot holes {a) and eler 
uons Cb). 6) T= 290 K. time bas~~ 5 crsfdtv, U= 400 V, L = 
0.46 mm; @) T= 290 K. time basis 5 &div. CI = 700 V, L = 
0 36 mm. 

found to be a linear function of the electric field up to 
2.5 X IO4 V/cm, as observed in the twoquantum 
photogeneration experiments [?I. 

Mob&ties of holes 01) were calculated from the 
equation 

p = L”fr,cf, (1) 

cusps on the current transients being taken as rhe trsnsrt 
times Q. In the above equation L stands for the sample 
thickness and U for the voltage applied. The mob&ties 
were found field independent within the whole range 

of the fields employed, i.e. plots of tit versus U were 

always linear and, as a rule, e.xhibited zero intercepts. 

Average values of room-temperature hole mobihtres 
were found to be &10 + 0.04 and 0.85 -+ 0.10 c&f 
V s for the directions parallel and pe~endrcu~ar to the 
six-fold axis, re>Tectrvely. 

Typical results of the temperature dependence of 
the mobility are shown in fig. 2. Above ~2270 K the 
mobilities III both c~sr~ograp~c directions are de- 
scending functions of temperature whereas below 270 
K the mob&es become temperature activated. Tem- 
perature dependences were interpreted assuming that 
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Fig. 2. Typical temperature dependences of the hole mobtity 
measured parakl (lower data set) and perpendicular to c 
(upper &ta set). Circles denote espenmentat points. Full lines 
are the lit.5 to eq. (2). The fit parameters are as follows p” = 
2.87 X To *‘, Et = 0.276 eV.N&Vc = 4.45 x ItT7 - p&e] 
to c;p” =490X T’*‘“.&t=0.136 eV,NtlNC = 3.84 X I@ 
- perpendlcutar to c. 
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the “lattice” mobility of holes b”) m both directrons 
follows a T-” dependence throughout the whole tem- 
perature range. The temperature-activated behavlour 
of the mobility has been commonly interpreted in 
terms of the shallow-trappmg controlled carrier rrans- 
port. Initially we followed this approach, and the fol- 
lowing formula was adopted [13] 

P = PO(T) [ 1 + N,/Iy, exp(&,/kT)] -’ , (3 

where Nt and Et stand for the concentration and the 
depth of traps, respectively and N, is the density of 
conducting stales. Least-squares fits to the experimental 
data allowed us to evaluate the temperature depen- 
dence of PO as well as Nt/N, and E, for a series of 

samples cut in both crystallographic directions. 
Average values of tz amount to 0.3 -+ 0.3 and 1.5 f 

0.5 for the dIrectIons parallel and perpendicular to c, 
respectively. It was also found that both the conccntra- 
tions and depths of traps dd-fer considerably when de- 
termined from measurements taken along these two 

directions. The best-fit procedure ylelded E, and N,/N, 
amounting to 0.17 f 0.04 eV and =IO-6, and 0.13 + 
0.02 eV and %lO”, for the dlrections parallel and per- 
pendicular to c, respectively. We shall return to these, 
rather unusual, results in section -+. 

4. Discussion 

The values of the mobilities determined in this work 
fall in the range of values expected and measured in 
other molecular crystals. Assuming rhat the tempera- 
ture behavlour of the hole mobility at elevated tem- 
peratures reflects that of the “lattice” mobtity, one 
fmds that a stronger temperature dependence (a higher 
value of )I) occurs for the direction of higher mobihty 
- as is also the case e g. for the mobdity of electrons 
in anthracene [ 141. It is worth noting that the aniso- 
tropy of the mobility may be rationalized taking into 
account the packing of molecules in the crystal lattice 
of iodoform [6-g], and assummg the overlap of iodine 
orbitals to be a decisive factor determining the electron 
transfer rate. Indeed, the distances between iodine atoms 
on the ab plane are dlstmctly shorter rhan those between 
the planes (i.e. along the c direction). 

Deep trapping of electrons observed in our measure- 
ments is possibly due to traces of either iodine, which 
may be formed by the decomposition of iodoform, or 

oxygen, as might be expected from the comparison of 
appropriate electron affinities. 

The temperature dependence of the hole moblhty 
observed in the low-temperature region and interpreted 
tentatively as due to shallow trapping needs more com- 
ment. A strking feature in this cast is a marked aniso- 
tropy of both depths and concentrations of traps. Thha 
result puts in doubt the apphcability of eq. (2) and 
hence the physical meaning of the parameters thus ob- 
tained which should be scalar in ferms of the commonly 
employed models of shallow-trap-controlled transport. 

It should be mentloned that available crystallographic 
data on the structure of iodoform crystals Indicate the 
existence of an orientatlonal disorder of molecules. As 
reported in refs. [7,81, the dtrecrion of the C-H bond 
may be either parallel or antlparallcl to the c ks. Tbc 
disorder is likely to be a function of tempcraturc. The 
disordered structure and the assoclstcd structural traps 
might lead to an explanation of the unusual tempera- 
ture behaviour of the mobilities reported m this paper. 
Further studies are, however, necessary fo draw final 
conclusions. 
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