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Influence of intermolecular interactions on the structure of phthalocyanine layers
in molecular thin film heterostructures
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Free-base phthalocyanine {lPt) molecules have been shown to stack layer by layer when deposited on a
plane perylene-3,4,9,10-tetracarboxylic dianhydrid®CDA) layer, a structure very different from the
a-herringbone structure formed in the bulk or whegPid is deposited at room temperature on noninteracting
substrates such as glass. In this paper theoretical studies have been carried out to rationalize this structural
modification using van der Waals intermolecular interaction energy calculations. In the case of,Bulkirit
cells, thea-herringbone structure is more staliy ~6%) than the planar layered structure, consistent with the
existence of thex-herringbone structure when,Hc is grown on noninteracting substrates. FgP&lunit cells
on a PTCDA layer, however, the planar layered structure is more sthiple-9%) in agreement with the
experimental observations of a modifieg,R¢ structure due to templating. At the energy minimum, the
interplanar stacking distance of the planar layergBdis calculated to be 3.29 A, in good agreement with the
experimentally determined value of 3.33 A. The calculations indicate that the structural modification in the
double layer heterostructure is due to the strong intermolecular interactions between the two layers at the
heterointerface.
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[. INTRODUCTION phase by their structure, surface morphology, and electronic
properties 2 The a- and B-phase HPc polymorphs are
The controlled growth of molecular thin-film heterostruc- both monoclinic and belong to th€2/c and P2, /a space
tures is of considerable importance because they form thgroups, respectiveli#** Our recent studies have shown evi-
basis of a wide range of electronic and optoelectroniadence for structural and morphological templating when the
devicest The properties of these heterostructures dependifferent polymorphs of BHPc are deposited on top of each
strongly on the structural quality of the films and the natureother in a bilayer thin-film structur®.
of the interface formed between layers of different materials. The formation of organic thin-film heterostructures can
Organic molecules are bonded to each other by relativelyead to major changes in the properties of a molecular film
weak van der WaalévdW) forces and form molecular crys- because the underlying molecular layardifferent material
tals whose structure is determined by the optimization oftan exert a strong influence on the growth and structure of
intermolecular interactions. The interfacial interaction withthe subsequent lay&t?° For example, studies of ultrathin
other organic crystals, or with relatively inert substrates, ishilayers of copper phthalocyanin€uP9 and PTCDA de-
also likely to be of the vdW variety, and highly crystalline posited on C(00 showed that the PTCDA monolayers
structures can be formed without any requirement for latticegrown on CuPc adopted a structure with a lattice parameter
matching between dissimilar materials at the interfate. very different to that normally obtained on weakly interact-
Perylene-3,4,9,10-tetracarboxylic dianhydrid@TCDA) ing substrate$® It was concluded that the CuPc layer con-
and free-base phthalocyanine Jfft) are two examples of trols the architecture of the subsequent PTCDA layers. The
the types of molecules commonly used in device applicationgroperties of nickel phthalocyanirn@iPc)-PTCDA and va-
such as light-emitting diodes and photovoltdicEhey have nadyl phthalocyaningVOPQ-PTCDA double layers have
also been studied extensively as model systems for thalso been studied using optical-absorption spectroscopy and
growth and ordering of molecular thin-film materidfs.  x-ray diffraction (XRD). When PTCDA was grown on
PTCDA[Fig. 1(a)] has been the archetypal molecular semi-NiPc !’ only the NiPc diffraction peak was present for depo-
conductor for more than a decade. It belongs toRi2g/c sition at 35°C with the PTCDA diffraction peaks only ap-
space group and adopts a herringbone structure where thpearing at 60 °C. It was suggested that these peaks corre-
molecules lie in the102) plane, forming an angle of 42° spond to orientations of the PTCDA layer that are different
between their long axés: The (102) plane is usually parallel from a single PTCDA film. When the deposition order was
to the substrate for room-temperature depositibrd,Pc  reversed, more severe structural changes were apparent and
[Fig. 1(b)] films have been found to exist as two polymorphsno diffraction peaks were observed. When the VOPc-
(a and B) when deposited on weakly interacting substratesPTCDA system was examinéd, significant perturbations
both characterized by a herringbone structure with the molfrom the single layer properties were also observed, and
ecules stacked along theaxis® The « phase is generally VOPCc crystallized as a different polymorph when deposited
obtained by growth at room temperature, whereas highen PTCDA.
temperature growth, or postgrowth annealing, leads to the In arecent study we have shown that a structural templat-
formation of B films, which can be differentiated from the  ing effect occurs in molecular multilayers based osiPEland

0163-1829/2003/616)/1653088)/$20.00 67 165308-1 ©2003 The American Physical Society



S.YIM, S. HEUTZ, AND T. S. JONES PHYSICAL REVIEW B7, 165308 (2003

(a) (a) (b)
e 13
l Glass I >

FIG. 2. (a) Molecular arrangement ia-H,Pc crystals deposited
on glass substrates, afi)) a schematic of the layered,Ac struc-
ture formed when deposited on top of a PTCDA first lagfeom
Ref. 20.

in the bulk and when deposited on top of an initial PTCDA

layer. The calculations provide a very good quantitative ex-
(b) planation for the structural templating effect and the subse-
quent modification of the FPc thin film in the double layer
heterostructure.

Il. THEORETICAL DETAILS

Three methods have been used for the calculation of the
nonbonded vdW interaction energy; the Lennard-Jones 9-6
form, the Lennard-Jones 12-6 form, and the Exp-6 f6fm.
The intermolecular interaction energy calculations in this
work were performed using a Lennard-Jorie3) 9-6 vdwW
interaction energy for all possible, nonbonded atom pairs,
ie.,

EvawLa 9-6)228ij{2(Rﬁ/Rij)9—3(Rﬁ/Rij)G}a 1

whereR;; is the distance between thth andjth atoms,Ri’}
is the minimum-energy separation between atoarsdj, and
dashed line inb) represents the molecular axis defined in the text. _ Ri*' . Table | lists the molecular mechani¢sM) force

PTCDA20 The templating effect is most apparent when field p_arameters _for.the Lennard—J_ones 9-6 ir_1termo|ecu|ar in-
H,Pc molecules are deposited on top of an initial planaft€raction for the individual atoms in PTCDI&ig. 1(a)] and
PTCDA layer. A HPc single layer grown on glass substratesH2P¢ [Fig. 1(b)]. The arithmetic mean oRf andRj;, and
has ana-phase herringbone structure where individual mo-the geometric mean of;; andej; were used to expred®];
lecular planes are aligned almost perpendicular to the sut®ndej;, the parameter values between the different types of
strateg Fig. 2@)]. By contrast, a bPc layer deposited onto atoms,i andj. Atom pairs whose distances are greater than
PTCDA was found to have a planar layered structure with a0 A are neglected in the calculation. It is assumed that there
interplanar stacking distanc¢determined by XRDof 3.33 A )
[Fig. 2(b)]. From an energetic perspective, the structural TABITE I. MM 2 X atom types and vdW parameters used in the
modification of the top BPc layer must be a consequence of calculations(see Ref. 2p
the optimization of the intermolecular interactions at the het-
erointerface.

There have been very few theoretical attempts to predict prcpa H,Pc
the structure of thin films based on these types of molecules:

Atom Atom type R* (A) e (eV)

One study has been reported for CuPc layers deposited on C1 3 3.60 0.005 20
H-passivated $001) surface€! The interactive forces were Cc3 C1 37 4.00 0.003 47
considered to be of nonbonding character and the structure C25 57 4.00 0.003 47
expected from the vdW interaction energy calculation was in N49 38 3.60 0.006 94
good agreement with experimental frictional force micros- N53 39 3.60 0.006 94
copy images. In this paper, we report the results of theoreti- H H(-C) 5 2.80 0.001 74
cal calculations of the }Pc/PTCDA heterostructure. Calcu- H(-N) 23 1.60 0.000 87
lations are carried out that compare the intermolecular 033 7 3.20 0.008 67
interaction energies of an-herringbone HPc structure and 037 6 3.30 0.007 81

a planar layered structure of,Fc when they are crystallized
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TABLE II. Structural parameters of #fc and PTCDA obtained (a)
from ab initio/DFT calculations. Bond lengths are in A and angles
in degrees.

H,PA& PTCDA®
Cl-C2 1.404 C1-C3 1.478
C2-C3 1.393 C3-C5 1.382
C3-C4 1.397 C3-C6 1.414
C4-C5 1.405 C5-C8 1.399
C1-C25 1.467 C6-C9 1.430
C25-N53 1.365 C8-C11 1.397
C25-N49 1.336 C9-C11 1.433
C28-N49 1.318 C11-C13 1.473
C7-C8 1.414 C1-033 1.219
C8-C9 1.397 C1-037 1.389
C9-C10 1.392  C5-H 1.082 (b)
C10-C11 1.410 C8-H 1.081
C7-C27 1.453 | =
C27-N54 1.378 O @i . i “
C27-N50 1.318 — =
C-Hyy 1.086 = —+ ] — ;
N54-H 1.014 vi) || | i(vi) (vil) / | (IX)\ ; /(X)
C1-C2-C3 121.2 C1-C3-C6 121.1 ca ' 2 '
C2-C3-C4 117.7 C1-037-C2 125.2 / 2 3
C3-C4-C5 121.1 C3-C1-037 116.8 (xi) / (xii) (xili) \(X'V) (XV)\
C1-C2-C26 105.6  C3-C5-C8 120.7 — : ' - —
C2-C26-N53 110.9 C3-C6-C4 119.0 A
C25-N53-C26 106.9  C3-C6-C9 120.5 \"“’" "“""\\, fxvi) (xix) (xx)
N53-C26-N51 127.7 C5-C3-C6 119.6 B ' ‘
N49-C25-N53 127.6  C5-C8-Cll 121.7 FIG. 3. (a) Structural model an¢b) possible molecule pairs for
C25-N49-C28 123.7  C6-C9-Cl1 118.7  the bulk H,Pca-herringbone unit cellr; andr, are angles between
C7-C8-C9 120.9 C8-C11-C9 118.8 T, the direction normal to thb-c plane and %, the direction of the
C8-C9-C10 117.7 C9-C11-C13 118.7 molecular planes; and 8, are the angles betweén the intersec-
C9-C10-C11 121.2 C11-C9-C12 122.5 tion of the molecular plane and tec plane, and™ , the molecular
C7-C8-C28 107.5  033-C1-037 118.7  axis defined in the text.
C8-C28-N54 106.1 H-C5-C3 118.5
C27-N54-C28 1125 H-C8-Cl1 120.5 a-herringbone structure on PTCDA, afid) a planar layered
N54-C27-N50 128.2 structure on PTCDA.
N49-C28-N54 128.2
C28-N54-H 123.7

IIl. RESULTS AND DISCUSSIONS

dReference 25. A. Bulk H,Pc unit cells
bReference 24.

A schematic model for the-herringbone HPc unit cell is

. o o ) ) _shown in Fig. 8a). It consists of two molecules, two center
is no significant contribution to the intermolecular interactionmolecules with a weight of and eight corner molecules

energy from Coulombic forces and higher-order multipoles,yith a weight ofi. The intermolecular interaction energy of
since previous calculations for nonpolar molecules havenis unit cell was calculated by varying four parameters;
shown this assumption to be generally véfid?® 5, 61, and,. The tilt angles of the molecular plane with
PTCDA (Ref. 24 and H,Pc(Ref. 25 molecular structural  respect to the direction normal to the unit-delt plane, 7,
parameter valuegbond lengths and anglesobtained from and 7, for the center and corner molecules, respectively,
ab initio methods and density-functional theaFT) cal-  were varied from 0° to 15° with an increment of 0.1°. We
culations, are listed in Table Il. These values are consisterdefine a molecular axis through the two nonhydrogenated
with experimental XRD result€® and previous theoretical pyrrole nitrogengdashed line in Fig. (b)]. The angle be-
calculations’’ Based on these molecular structures, we havéween this direction and the intersection of the molecular
calculated the intermolecular interaction energies of four difyplane and the unit-ceb-c plane is then defined a§ and d,
ferent H,Pc unit-cell models:(i) the bulk a-herringbone for the center and corner molecules, respectively. In the cal-
structure, (i) a planar layered bulk structurgjii) the culation, §; and 8, were varied from 0° to 180° with an
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increment of 0.1°. The fixed unit-cell lattice-parameter (a)
value$® used for the calculation were/2=13.07, b
=3.814, ancc=23.97 A, andB=91.1°. At specific param-

eter values, the intermolecular interaction energy of the unit

cell is the sum of the Lennard-Jones vdW energies for all 1 _\/
possible atom pairs. For the-herringbone HPc unit cell, 1

the number of possible molecule pair types is 20 as shown in 21

Fig. 3(b). The hexadrons in the figure represent the unit cells, AR

and the filled circles and thick lines are molecular centers -3 \\Q\\\\i\\\*&\l\i\\\

and molecule pairs, respectively. Some molecule pairs are E (eV) \\\\W

equivalent; for example, in Fig. (B)(i), there are four 4

equivalent molecule pairs, each having a weight factof of
since a pair simultaneously belongs to other three unit cells.
For the calculation, therefore, these four equivalent molecule
pairs were regarded as one molecule pair. For each molecul
pair, the number of possible atom pairs is 3364 X58)
since one HPc molecule contains 58 atoms, therefore,
67 280 (20<3364) atom pairs should be taken into account
for calculation of the total energy of the unit cell. At certain
parameter values, therefore, the total intermolecular interac-
tion energy of thex-herringbone HPc unit cell is the sum of (b)
the Lennard-Jones vdW energies of these 67 280 atom pairs

The a-herringbone HPc unit cell has a minimum energy
of —5.894 eV atr;=71,=8.6°, §,=60.4°, andd,=29.6°.

The energy per molecule corresponds2.947 eV since the

unit cell consists of two molecules. The vdW interaction en-

ergy surfaces for thex-herringbone unit cell of kPc are

shown in Fig. 4. Figure @) shows the energy surface drawn

with respect to the molecular plane tilt angles, and 7, E(eV)
when the in-plane molecular rotational anglés,and &,, 0
are fixed at 60.4° and 29.6°, respectively, and Fi¢) 4
shows the energy surface drawn with respect{cand 6,
with 7= 7,=28.6°. The intermolecular interaction energy of
the H,Pc molecules in thex-herringbone unit cell can be
divided into two typesi(i) the interaction energy between
molecules with the same heighE (), and(ii) the interac-
tion energy with molecules positioned on the upper or lower
layers €;). In Fig. 3b), the sum of the interaction energy
for molecule pairs fronii) to (vi) corresponds td. ., and
that from (vii) to (xx) corresponds toE;. For the
a-herringbone unit cellE_, is —2.471 anoEI is —0.476 eV

at the total-energy minimum.

A schematic model for the planar layeredR¢ unit cell is
shown in Fig. %a). The unit cell contains one molecule, with
each molecule at the corner of the unit cell contributing a
weight of 3. The intermolecular interaction energy of the unit
cell was calculated by varying, y, andz The lateral dis-
placement paramete(s,y) of a molecule in the upper two- d1/(deg.)
dlmenS|or!aK2D) quadrate with respect to_ the corresponding FIG. 4. Intermolecular interaction energy surface diagrams for
molecule in the lower quadrate were varied fren to 7 A the bulka-herringbone HPc unit cell as a function a&) 7, and
with an increment of 0.1 A. The interplanar stacking distanceat65 368 4° g _ 4 o _ Tl_ 72

. . ,=60.4° andés,=29.6°, and(b) &, and 5, at 7,=7,=8.6°.
petween two layersz, was varied from 0 to 8 A with an The lower-energy surface is an expansion around the energy mini-
increment of 0.01 A. We have recently reported that a 2Dmum.
guadratic HPc unit cell has its minimum intermolecular in-
teraction energy at the lattice parametersndb, of 13.97  5(b). The 43 732(13xX58x58) atom pairs, therefore, were
A, and a molecular rotational angle in a pladepf 27.4°?°  taken into account for the calculation.

These fixed 2D quadrate parameter values were used for the The planar layered $Pc unit cell has degenerate energy
calculation. For the planar layereg Pt unit cell, the number minima of —2.786 eV atx=*3.4, y=+1.0, and z
of possible molecule pair types is 13 as shown in the Fig=3.29 A, which correspond to the minimum energy per

T1 (deg.)
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FIG. 5. (a) Structural model an¢b) possible molecule pairs for z (/‘_’\)

the bulk H,Pc planar layered unit cell.

molecule since the unit cell consists of one molecule. The

vdW interaction energy curves for the planar layered unit cell

of H,Pc are shown in Fig. 6. Figure& shows the energy

curve plotted with respect to the interplanar distance between (b)
two 2D quadratesz. The parallel displacement parametexs,

andy, are fixed at 3.4 and 1.0 A, respectively. Figui®)6

shows the energy surface drawn with respect &mdy with

z fixed at 3.29 A. This interplanar spacing at the minimum
energy corresponds to the experimental value of 3.33 A ob-
tained for planar layered 4®c films deposited on an initial
PTCDA layer*®?° At the energy minimum for the molecule
in a planar layered FPc unit cell, the interaction energy
between the molecules within the layEr, is —0.374 eV
and the interaction energy with molecules in different layers

E is —2.412 eV.

Coulombic potentials for botla-herringbone and planar

-2.4

s
=

=

=

==

layered HPc unit cells were also calculated for the same
variable parameter regions. Partial atomic charges for the
H,Pc molecule obtained from DFT calculatidhsvere used

for these calculations. The intermolecular interaction ener-
gies caused by these electrostatic interactions have a negli-
gible effect on the energy minima and the structure determi-

nation. For example, in the case of thenerringbone HPc , , )
unit cell, the total interaction energy minimum including the FIG. 6. Intermolecular interaction energies for the bulk planar

Coulombic potential is—2.839 eV per molecule atr;

layered HPc unit cell: (a) energy curve plotted as a function of

—86° 7=8.1° 5 =60.7°. ands,=28.7°. while for the interplanar stacking distance, at x=3.4 andy=1.0 A, and(b)
- 0. y 12— 0O, ] 1— . ] 2 . I

planar layered unit cell, it is-2.752 eV per molecule at
=+3.0,y=+*1.4, andz=3.29 A. The energy difference be-

energy surface drawn as a function of the parallel displacements,
andy, atz=3.29 A.

tween the two structures is 0.187 eV, a value slightly larger ) ) )
than the energy difference obtained after excluding the Couere obtained from electron-diffraction and XRD studies.

lombic potential(0.161 eV.

B. H,Pc unit cells on a PTCDA layer

The intermolecular interaction energies between th®H
unit cell and the underlying PTCDA layér; were calculated
with respect to the stacking distance between thBdHunit
cell and the PTCDA layer. At each point ofz, the energy

Figure 7 shows schematic models for théherringbone was determined by assuming that thePd unit cell can be
[Fig. 7(a)] and planar layerefFig. 7(b)] H,Pc unit cells on a placed arbitrarily on the PTCDA layer since the exact posi-
PTCDA layer. For the calculations, the lattice parameters ofion of the H,Pc unit cell is unknown. This assumption is
the underlying 2D PTCDA layer consisting of 26 moleculesgenerally valid since organic molecules such a#¢iand
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(a) ‘

top view (@

E:
eV
22 4
side view
3 1 2 3 4 5 ] 7 8 9
HeFo z (A)
s PTCDA IZ ] FIG. 8. Intermolecular interaction energy curves between the

PTCDA layer anda) the a-herringbone HPc unit cell andb) the
planar layered BPc unit cell as a function of the stacking distance

(b) Z

top View meshes with a length and width of 0.5 A. At a certain stack-

ing distancez, the interaction energies were then calculated
when the center of the Jc unit cell (black rectangle or
square in the figupewas positioned on each mesh point, and
average values were taken. Once the stacking distanees
determined, any fluctuation of the interaction energy due to a
change in lateral displacement was found to be insignificant.
The other fixed parameters;, 7, 6;, and 6, for the
a-herringbone HPc unit cell, anda, b, and § for the planar
layered HPc unit cell, obtained from the intermolecular in-
teraction energy calculations of bulk,Pc unit cells(Sec.
IIIA), were also used for the calculation. In both cases,

side view therefore, the intermolecular interaction energy between the
H,Pc molecules within the layek . , is retained.
e PR et T2 Figure 8 shows the energy curves between thBdHunit
PTCDA ! cell and the PTCDA layeE;, with respect to the stacking

distancez. In the case of thex-herringbone structurgFig.

cell on a PTCDA layer, an¢b) the planar layered §Pc unit cell on 8(f?')l]’ fthethenelrgy r’|n|n|mugn IIS_?E:.Q e\t/) at.tz_z 2—29613\0
a PTCDA layerz represents the stacking distance between tjiecH while for the planar layered structuigig. 8b)], it is )

unit cell and the PTCDA layer. The black rectangle @ and €V &t 22_3'32A' For a giverz, any parallel displacement
square in(b) represent the kPc unit cells. The PTCDA unit cells N@s @ minor effect on the energy variation. For example, in

(gray rectangleare divided into 960 square meshes with a lengththe case of ther-herringbone HPc unit cell on PTCDA at
and width of 0.5 A. z=2.89 A, the variation inE; for any point within the un-

derlying PTCDA unit cell(gray rectangleis 0.083 eV, from
PTCDA are bonded to each other by relatively weak vdw—0.344 to—0.261 eV, and for the planar layered unit cell at
forces and their lattice-parameter values are quite large, corz=3.32 A, it is 0.130 eV, from-2.683 to—2.553 eV. This
sequently the interfacial interaction between the two differ-small variation is also consistent with our assumption that
ent materials does not require any lattice matching. Théhe interaction energy between theR¢ unit cell and the
interfacial interaction energy of a JRc/PTCDA hetero- PTCDA layer at a specifiz can be regarded as an average
structure depends primarily on the stacking distance betweevalue irrespective of their exact position.
the two layers, with relatively little influence from the lateral  The energy levels for the four JRc unit-cell structures
displacement. To calculate the intermolecular interaction enare shown in Fig. 9. The two in the left box, FiggaPand
ergy between the arbitrarily positionegPt unit cell and the  9(b), represent the energy levels for bullksPt unit cells and
PTCDA layer, the underlying PTCDA unit celpray rect- the two in the right box, Figs.(®) and 9d), correspond to
angle in the figurewas divided into 960 (4824) square the H,Pc unit cells on a PTCDA layer. The energy levels for

FIG. 7. Schematic models fdr) the a-herringbone HPc unit
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0 an excellent quantitative explanation for our recent experi-
g, —FE- -—E:+ —E. mental observatiod$?° for the existence of a planar,Rc
057 ! molecular layer when grown on an initial, planar PTCDA
1.0 - thin film.
The calculations for the energy levels of these four differ-
E 7 (@) (b) () (d) ent H,Pc unit-cell models suggest that once the planar
(V) PTCDA layer is formed, subsequentPt molecules stack
-2.0 1 parallel to the underlying PTCDA layer in order to enhance
250 ———E. —Ei ——E. the intermolecular inte(actions between the two layers and
: —_—F S —E; hence lower the potential energy of the system.
30 ===Ewt e E 1t
a5 IV. CONCLUSIONS
’ bulk H2Pc H2Pc on PTCDA

H,Pc molecules form herringbone structures when depos-

FIG. 9. Energy-level diagrams for four differentPt unit-cell  ited on noninteracting substrates such as glass, whereas they
models; (a) the bulk a-herringbone structure(p) the bulk planar ~ Stack layer by layer when deposited on a planar PTCDA
layered structure(c) the a-herringbone structure on PTCDA, and layer. This structural modification caused by the underlying
(d) the planar layered structure on PTCDA. molecular layer gives rise to a structural templating effect.

We have calculated the intermolecular interaction energies of
the a-herringbone unit cells are displayed with dashed linedour different H,Pc unit-cell models in order to quantify the
and those for planar layered unit cells with solid lines. templating effect for the 5Pc/PTCDA heterolayer structure.

In the case of the bulk unit cells, the intermolecular inter-  For bulk unit cells, thea-herringbone HPc structure is
action energy within the layeE_, for the a-herringbone more stable(by ~6%) than the planar layeredRc struc-
structure is lower than that of the interaction energy withture, consistent with the existence of tkeherringbone
molecules in different layer&; for the planar layered struc- structure when BPc is grown on noninteracting substrates.
ture. The level off; for the a-herringbone structure is also By contrast, the planar JPc structure is more stable on
much lower than that oE .. for the planar layered structure. PTCDA than thea-herringbone structuréby ~9%), consis-
Consequently, thex-herringbone structure is more stable tent with recent experimental observations of a modified
than the planar layered structure 5¥%%, consistent with the H,Pc structure. At the energy minimum of the planar layered
existence of thex-herringbone HPc structure rather than a HyPc unit cells, the interplanar stacking distance is calcu-
planar layered structure when,Pc molecules are deposited lated to be 3.29 A, a value very close to the experimentally
on noninteracting substratdsFor the HPc unit cells on determined value of 3.33 A.

PTCDA, however, the total-energy levels are reversed since Our calculations indicate that the structural templating ef-
the E; level for the a-herringbone unit cell on the PTCDA fect observed in the HPc/PTCDA heterostructure is due to
layer is higher than that in the corresponding bulk structurethe strong intermolecular interactions between the two differ-
while theE; level for the planar layered unit cell on PTCDA ent molecular materials at the heterointerface.

is lower than in the bulk planar structure. During the initial
stage of HPc deposition on a planar PTCDA layer, this
minimum-energy difference seems to determine the structure
of the H,Pc films. For the monolayer deposition ofPt on S.Y. is grateful for a scholarship from the Overseas Re-
PTCDA, the total energy of the planar layered filmH290.8  search Student Awards. The Engineering and Physical Sci-
kJ/mol, which is ~9% more stable than that of the ences Research Council, United Kingdom, is acknowledged
a-herringbone structure-267.2 kJ/mol. This result provides for financial support through Contract No. GR/M 54285.
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