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In the last three de cades, p-con ju gated hy dro car bon ma te -
ri als have at tracted a lot of at ten tion. In particular, or ganic
poly mers seem to be prom is ing can di dates for low-cost,
easy-pro cess ing ma te ri als for elec tro-op ti cal and elec tronic 
ap pli ca tions. Sig nif i cant in sight into many prop er ties of
these ma te ri als can of ten be gained by study ing a sin gle,
iso lated mol e cule (e.g. in so lu tion). Nev er the less, for trans -
port phe nom ena de ter min ing the per for mance of
(opto)elec tronic de vices, intermolecular in ter ac tion in
terms of wavefunction over lap and low fre quency (ex ter -
nal) phon ons will play a cru cial role. More over, im por tant
op ti cal fea tures such as the lu mi nes cence quan tum yield in
the solid state can dras ti cally dif fer form that of sin gle mol -
e cules. Last but not least, the strong ani so tropy of the con -
duc tiv ity and the di elec tric func tion of ten found in crys tals
of short polycyclic or ganic mol e cules is closely re lated to
the spe cific way of mo lec u lar pack ing. Hence, a de tailed
un der stand ing of the crys tal struc ture and the ar range ment
of the mol e cules rel a tive to each other is a pre req ui site for
un der stand ing im por tant bulk and thin film prop er ties in
this classes of ma te ri als. 

A deeper in sight into the na ture of the intermolecular
in ter ac tions and the pack ing forces act ing be tween the mol -
e cules can be gained by mod u lat ing the intermolecular dis -
tances. Ap ply ing pres sure to the sam ple is a ‘clean’ way to
tune the de gree of intermoleculear in ter ac tion. There are
es sen tially two dif fer ent kinds of atom-atom in ter ac tion in
mo lec u lar crys tals. On one hand there are strong, co va lent
intramolecular bonds and, on the other hand, there are
weak, van der Waals-type forces act ing be tween sep a rate
mol e cules. This fact jus ti fies to re gard the mol e cules as
rigid. Ap ply ing pres sure brings the whole mo lec u lar units
closer to gether and/or changes their arrangement relative to 
each other.

This work is a sum mary of mea sure ments per formed
over sev eral years. The sam ples for all mea sure ments were
crys tal line pow ders. The con sid ered ma te ri als are the
oligo-acenes (anthracene - C14H10, tetracene - C18H12,
pentacene - C22H14), the oligo-phenylens (from biphenyl -
C12H10 to hexaphenyl - C36H26), fluorene - C13H10, and
perylene - C20H12. Anthracene was mea sured at the pho ton
fac tory BL18C (Tsukuba, Ja pan)[1,2], the whole se ries of
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Fig ure 1: Lat tice pa ram e ter a (left panel) and b (right panel) of the oligo(para)-phenylenes con tain ing two to six phenyl rings as a func -
tion of hy dro static pres sure. The lat tice pa ram e ters of all oli go mers have the same length at am bi ent con di tions and show the same pres -
sure de pend ence. The left and right y axis cover the same range (1.2 C). Note that the lat tice con stant a is re duced ap prox i mately twice
as much as the lat tice con stant b in this pres sure re gion. The pictogram on the right side shows a pro jec tion of the crys tal struc ture of the

oligo(para)-phenylenes vizualizing the two lat tice pa ram e ters a, b and the her ring bone an gle q.



oligo-acenes and oligo-phenylenes at Hasylab BL F3
(Ham burg, Ger many)[3,4], fluorene and perylene at ESRF
ID 9 (Grenoble, France) [work in prog ress]. All ex per i -
ments, ex cept at the Hasylab BL F3 which is an en ergy
dispersive x-ray dif frac tion (EDXD) beam line, are done
on an gle dispersive x-ray dif frac tion (ADXD) beam lines.
The ad van tage of ADXD over EDXD is the amount of in -
for ma tion  that can be drawn from the dif frac tion data. In
case of ADXD, the dif frac tion data could be re fined with
the Rietveld method and in ad di tion to the change of the lat -
tice con stants, the re ar range ment of the mol e cules (con sid -
ered as rigid bod ies) within the unit cell could be
de ter mined. Pres sures up to 22 GPa were applied using
diamond anvil cells (DAC). 

In case of these soft or ganic ma te ri als it is of ma jor im -
por tance to guar an tee ap pro pri ate hy dro static con di tions.
For ex am ple anthracene un der goes a phase tran si tion if it is 
not isotropically com pressed [5], but it does not show a
crys tal lo graphic phase tran si tion up to at least 22 GPa un -
der hy dro static con di tions. In the case of fluorene we ob -
serve a phase tran si tion at 3.5 GPa un der hy dro static
con di tions [pa per in prep a ra tion]. The struc ture re mains in
the orthorhombic space group but the an gle of the her ring -

bone pat tern q  (see fig ures 1, 2)  de creases sig nif i cantly

and an al most p-stacked re gime is formed. The her ring -
bone an gle changes from around 120° to around 60° dur ing 
the tran si tion, while any com pres sion in a non-hy dro static
en vi ron ment re sults in a phase tran si tion at even lower
pres sures.

Fig ure 1 shows the sum mary of changes in the ab-plane 
of the oligo-penylenes ob tained by EDXD mea sure ments.
Note that the lat tice con stant a changes twice as much as
the lat tice con stant b. This be hav iour re sults in an ef fec tive

ro ta tion of the mol e cules to higher her ring bone an gles q
which is sim i lar for all oligo-phenylenes. The same be hav -
iour of a chang ing twice as much as b is shown in the
oligoacenes. ADXD mea sure ments of anthracene re veal
more de tails in the chang ing of the mo lec u lar pack ing. The
re ar range ment of the mol e cules un der pres sure has a high
im pact on the band struc ture as well as on the op ti cal prop -
er ties [4,6]. For ex am ple a redshift and a broad en ing of the
op ti cal tran si tion un der pres sure is observed, which has a
purely intermolecular origin.
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Fig ure 2: Re ar range ment of the anthracene mol e cules un der pres sure vi su al ized by the an gles q, c, and d. q is the her ring bone an gle and 
de fined as the an gle be tween the mo lec u lar planes of the two translationally inequivalent mol e cules. The set ting an gle be tween the long

mo lec u lar axis and the c* axis is de noted by c, whereas the tilt an gle be tween the two long mo lec u lar axes of translational inequivalent

mol e cules is given by d.
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Ther mal ex pan sion of more than 40 bo rates has been in ves -
ti gated by pow der X-ray dif frac tion and 30 of them dem on -

strate greatly anisotropic thermal ex pan sion (amax/amin³ 5), 
more over, about 20 of them show neg a tive lin ear ther mal
ex pan sion. The av er age lin ear co ef fi cient of ther mal ex -
pan sion is about 25·10-6 oC-1 over 40 bo rates [1].

Role cat ions. When the bo rate ther mal ex pan sion co ef -
fi cients are com pared with chem i cal com po si tion it is ap -
par ent that the av er age lin ear co ef fi cient of ther mal
ex pan sion rises with cat ion size in creas ing and cat ion va -
lence de creas ing.

High-tem per a ture crys tal struc ture in ves ti ga tion. To
un der stand the sharply anisotropic char ac ter of bo rate ther -
mal ex pan sion we have stud ied crys tal struc tures of some

bo rates (a-CsB5O8, a-Na2B8O13 [2], LiB3O5 and Bi4B2O9)
us ing sin gle crys tal high-tem per a ture X-ray dif frac tion
method. The main re sult is that bo ron-ox y gen tet ra he dra
and tri an gles and rigid groups con sist ing of these B-O
poly he dra do not change prac ti cally their con fig u ra tion on
heat ing but they can be turned of each other [1,2].

Role B-O-an ions. The ther mal struc tural be hav iour of
rigid groups pro vides an ex pla na tion of anisotropical char -
ac ter of ther mal ex pan sion for most bo rates. The B-O rigid
groups do not es sen tially change their con fig u ra tion on
heat ing but they can be ro tated rel a tive to each other as
hinges. In this case a large ex pan sion along some di rec tions 
is cou pled with a con trac tion along oth ers as it oc curs in
chain, layer and frame work pentaborates. It is no ta ble that
ex ist ing of screw 21-chains of rigid B-O groups leads to
greatly anisotropic ther mal ex pan sion of bo rates un der
study whereas in sig nif i cant in flu ence of the B-O an ion
dimensionality on ani so tropy of ther mal ex pan sion is re -
vealed. As ex am ple all of the B-O an ions in pentaborate
struc tures (Fig ure) con tain the same chains of the
pentaborate groups ex tended along the 21 screw axis and
all of them have the same max i mum co ef fi cient of ther mal
ex pan sion along chains equal to about 60·10-6 oC-1 and neg -
a tive one in the per pen dic u lar di rec tion equal to about
-5·10-6 oC-1. 

The highly anisotropic char ac ter of ex pan sion of the
struc tures based on fi nite com plexes, e. g.
Na2[B4O5(OH)4]8H2O bo rax, may be rather caused by
shear de for ma tions.

Con clu sion. To sum ma rize, most bo rates dem on strate
highly anisotropic char ac ter and great mag ni tude of ther -
mal ex pan sion: the av er age lin ear or vol ume co ef fi cient of
ther mal ex pan sion de pends on size and va lence of cat ion,
whereas ther mal be hav iour of rigid BO groups dic tates an
ani so tropy of thermal expansion.
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Fig ure. Hinge ther mal ex pan sion of
pentaborates of 1-, 2- and 3-dimensionality
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The high tem per a ture phases of the higher homo logues of
the al kali oxa lates M2C2O4 M=[K, Rb, Cs] and their de -
com po si tion prod ucts M2CO3 were in ves ti gated us ing fast
an gle dispersive X-ray pow der dif frac tion with an im age
plate de tec tor and DTA/DSC mea sure ments. The fol low -
ing phases in or der of de creas ing tem per a ture have been
ob served and crystallographicaly char ac ter ized. A (*) de -

notes a pre vi ously un known mod i fi ca tion: a-K2[C2O4]*,

a-Rb2[C2O4]* (Fig. 1), a-Cs2[C2O4]*, a-K2[CO3],

a-Rb2[CO3]* (Fig. 1), a-Cs2[CO3]*: P63/mmc; b

-K2[C2O4]*, b -Rb2[C2O4]* (Fig. 1), b-Cs2[C2O4]*,

b-Rb2[CO3]* (Fig. 1), b-Cs2[CO3]*: Pnma; b-K2[CO3]:

C2/c; g -K2[C2O4], g -Rb2[C2O4] (Fig. 1), gã-Cs[C2O4], g

-K2[CO3], g -Rb2[CO3] (Fig. 1), g -Cs2[CO3]: P21/c;

d-K2[C2O4], d-Rb2[C2O4] (Fig. 1): Pbam. 

With re spect to the cen ter of grav ity lo ca tions of the ox -
a late re spec tively car bon ate dianions, the crys tal struc tures
of all known al kali- oxa lates and – car bon ates be long to the 
AlB2 struc ture fam ily, crys tal liz ing ei ther in the AlB2 or in
the Ni2In struc ture type. De spite the dif fer ent sizes of the
car bon ate- and ox a late dianions the high tem per a ture
phases of the al kali car bon ates M2CO3 M=[K, Rb, Cs]
show the same se quence crys tal struc tures as the cor re -
spond ing (isotypic) al kali oxa lates. Top o log i cal as pects
and or der-dis or der phe nom ena at el e vated tem per a ture are
dis cussed. For data re duc tion and graph i cal vi su al iza tion of 
large sets of pow der pat terns, a new soft ware POWDER3D 
has been developed which is subject of another abstract.
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Re cently, Ox ford Cryosystems has in tro duced a closed-cir -
cle cryostat for X-ray pow der dif frac tion ap pli ca tions. The
ab sence of the need for con tin u ous sup ply of new liq uid
He lium, makes X-ray pow der dif frac tion ex per i ments pos -
si ble also for us ers hav ing lim ited ex pe ri ence with cryo -
genic tech niques.

Ease of use of a non-am bi ent de vice with a pow der
diffractometer is of course nice, but much more im por tant
is the ac cu racy of the tem per a ture read outs. Mod ern
non-am bi ent cham bers per form quite well in this re spect

and we were cu ri ous to see whether this was also the case
for a cryostat. 

There are two ba sic meth ods for de ter min ing the tem -
per a ture ac cu racy:

· mea sure diffractograms over a large tem per a ture
 range and cal cu late the lat tice pa ram e ter change as

a func tion of tem per a ture,

· find ma te rial(s) with phase tran si tion(s) at known
 tem per a ture(s). 

Both of these were used to test this non-am bi ent 
cham ber.
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