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ABSTRACT 

'Ihe tempering of a- (BEDT-TTF) 21 J crystals above 7cPc for several days leads to 

the transformation into the supercooducting at-phase (T
c 

= 8 K at ambient pres

sure). 'ntis process was observed in very small c rys tals by polarizing microscope 

techniques in the visible and near infrared spectral range. Premature termination 

of the tempering yields to c rystals containing both phases in the same CrYstal. 

'nlis allows d i rect comparison of the optical properties of the both phases. '!he 

orientation of the polarir.ability tensor and the transllission spectra parallel to 

the principal axes were measured. "nle spectra are similar to the spectra of the 

a-phase. But the indicatrix orientation rather indicates a new phase than the 

B-phase . 

I NTRODUC'l'I 00 

In the falDily of organic conductors and superconductors the salts of BEOO'-~ 

are of considerable interest, especiallY due to the highest 

[1-5]. BEI7I'-'M'F salts with 13 as counter anions crystallize 

T so far observed 
c 

in several c rystallo-

graphic phases. 'Ihe phase 0.- (BEOO'-TrFhIs undergoes a metal-insulator phase tran

sition at lJ5 ~ and shows no transition to SUPerconductivity even under high 

pressure (6-7). 'Ibe B-phase of (BE[JTo-TI'Fh I l exhibits metallic cood ucti vity down 

to 1.4 ~ and then becomes superconducting at aaj)ient pressure (8-to]. After a 

particular pressure temperature cycling procedure volume superconductivity at 

ambient pressure and at a Tc 

6-IBEI71'-'l'l'FI11) [3]. But thi. 

temperatures below 125 K. 

= 8.1 K was obtained (high T -phase of c 
superoonductlnq state is only s table for 

*BE[)'l\o-'M'F - 4.5-4'.5 '-bis (ethylened1thlo) tetrathiafulvalene 
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Fig . I . Temper process in a crystal of ~-(BEOT-TTF)tI) . View parpendicul~rly to 
(001). stack direction (looJ vertically . (a) beiorc tempering . (b) and (c) ilfter 
It and 6 . 5 days of tempering . resp ., at 79°C . Crystal uct,,"'ccn crossed polarizers. 
a-phase in ext i nction position . The new l - phase appearS bright . Boundary bet,,"-een 
1). - and .'l - phase R5 11 {110 ]. (d) same cryst~L magnified . after terminated trans
forma tio~ (6 . 5 days) . Upper left part remaining Ct. - phase , lower right part gro,,"'fl 
LL

t 
- phase (horizontal polarizer) . - Scales 50 ,·m. 

Tempe r ing of Cl- (BEOT- TI'F12I) above 70uC for several days Y.lclds a new ph~se 

the so-called at - (BE Uf-'ITF)2. 13 , which is a stable superconduct.or at. ambient pres

sure (T :: 8 K) [11- 12 ] . 'I11e propert i es of the u - phase and the high T -phase of 
c c c 

3- c r ys t als are found s i milar comparing the t r ansition temperatures T • the tec-c 
peratur e dep endence of the conductivity , the critical fields Hc2 etc . {11-12] . 

Thi s g i ves r eason t o suppose that the te mpering of the a-phase leads to some kind 

of the B- ph ase . 

'I11e me thod desc ribed i n t his pape r allows di r ect comparing of the structural 

proper t i e s of the d i ffere nt pha ses in t he saroo c rys t al sample by using polarizing 

microscope te chniques and mi c r ospect r oscopy . 



RESULTS AND DISCUSSION 

TemPering 
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'lYpical size of tile used microcrystals of Cl-(BEIYl'-Tl'F lzI3 1s 0.1 x 0.1 mm and 

few ~ thick «001) faced). Fig. la shows a crystal before starting the temper 

process. '!be stack direction [100] in Fig_ 1 is vertical. In this orientation 

the a-crystal is in extinction position between crossed (vertical and horizontal) 

polarizecs and appears dark (Fig. Ib and Ie) [13]. Tempering was performed by 

controlled heating ( 7aD e) directly under the polarizing microscope. '!be transi

tion to the at-phase starts after 2 days along the lower right edge (approximate

ly para lie 1 (110) dl.rection) beginnl.ng from the right corner. The at -phase 

appears bright. Fig. Ib and Ie show the growth of the at-Phase into the a-crystal 

after 4 days and 6.5 days, respectively. Then the transition 1s interrupted by 

slow cooling down to room temperature. During this procedure a small c rack along 

the boundary between 0- and a t-phase grew into the crystal indicating the stress 

in the boundary. Fig. Id shows the crystal in a magnified view. The boundary 1s 

not straight rather cloudy. The reason for this may be an inclined growth of the 

nt-Phase from the surface (001 ) Varying in depth or the ariSing of dislocations. 

The crystal in Fig. ld contains both phases and allows direct comparison of the 

two phases. 
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Fig. 2. Stereographic projection (a) related to the plane (001) of 
n-(BEDT-TTF)2 1 3. Measured indicatrix orientation in the a-phase (full line) and 
in the a -phase (broken 11ne). Principal axes x(o), Y(+), Z(l!.). (b) related to 

th 1 t (001) f B (BE""--oF) I L lon9itud,"nal T transversal. N normal e p ane 0 - .... ~ - ~.L 2 1. , 

moleCule axis, 1 iodine molecule axis. 



A3SO 

Indicatrix Orientation 

In a- (BErtr-Tl'F)2I, the 8EO'l'-Tl'F IQOlecuies are arranged in two nonequivalent 

stacks [14]. Stadt directions are (100]. 'Itle molecules are in three different 

positions (A, B, C). but the d1rections Lot the longitudinal axes of all molec

ules are approximately the same. L stands perpendicularly to the stack L.l [100] 

and inc1ined to the plane (001) by 18.50 [1S]. Fig_ 2a shows the measured indi

catrix orientation of the a-phase. The indicatrix orientation is governed by the 

direction L and by the stack direction. 'Ibe principal axis Z approximately paral

lels L and the principal axis Y coincides with the stack direction [100] [13]. 

The principal axes of the Indicatrix related tD the princ ipal refraction indices 

nQ • nS' ny, are X, Y, Z, respectively (na < "S < ny) ' 
Fig. 2& contains also the indicatrix orientation o f the at-phase measured in 

the transformed part of the same crystal (Fig. 1). Assuming that the at -phase 

is a kind of ~-phases the indicatrix orientation should be compared to the struc

ture of B-(BEDT-TTF121] (Fig. 2b). In the 5-phase all BEDT-TTF molecules have the 

same orientation [16-17]. The longitudinal axes L of the molecules are inclined 

to the stack direction [110] by 56.40 [ISJ. 'l1'le transversal molecule AXes Tare 

lYing approximately in the plane (001) (only RIll SO out of the plane). 

AssUDing that the plane (001) remains al .... ays the plane of the iodine anions in 

all phases and that the longitudinal molecule axis L always coincides with the 

optic direction Z at high energies one way of the transformation is the f o llOWing 

(compare Fig. 2a and Fig. 2b). Transforming the ~-structure by rotating around 
+ -
c· so that (100]S parallels [l00]a the direction L coincides with the direction 

Z of the tlt-phase (index Q or 6 indicates referring to the a-t*iase or 8-phase, 
resp.). But then the transversal axis T &:les not coincide with the measured di

rection (Fig. 2). A transformation of this ki.nd (a -phase into this transformed 

~phase) needs large DOvements of the molecules. In a first step the molecule s of 

the (I.-phase should be rotated ,uoWld the L axis by 7fP (A). 42° (B), 30° (C) and 

then all L axes should be further inclined by 15°. 

on the other hand the transfoIlDlltion free. the a-phase into the measured Cl
t

-

phase orientation needs « rotation of only )40 (A), 3° (8), 16° (C) around Land 

then the same inclination by 15°. This leads to the assumption that the at-phase 

is rather a ne .... phase then the 6-phase. 

Transmis9ion Spectra 

Fig. J shows the transmissicn spectra of the at -phase measured in the two 

observable principal directions. Cc::mparing with the spectra of the a -phase [18] 

points out to the shift of the two Dain absorption peaks at 1.90·10It cm- 1 (II Y) 

and 2.26·10·cm- 1 (IIX) to higher energies (Pig. 3). But the a -spectra agree with 
t 

spectra of the S-phase (Fig_ 4) [19]. 
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Fig. 3. Absorption of transmitted light polarized along two principal direc
tions in Ut-(BEOT-TTF)2I3 versus wavenumber . 
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Fig. 4. Absorption of transmitted light polarized along the principal direc
tions Y(+) and Z(6) in 6-(BEOT-TTFI2Il versus wavenunber. 
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