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Transition structures and reaction paths for the,BH system have been characterized at the MP2(full)/6-
31G(d) level of theory; heats of reaction and barriers have been computed at the G2 level of theory.
Calculations show that the insertion reactions ofBl into H, and HCI fn + n = 0, 1, 2) occur by highly
distorted, non-least motion transition states, with barriers that increase with chlorine substitution on boron.
Hydrogen abstraction from BH and BHCI, by chlorine proceeds with little or no barrier by a linear transition
state. By contrast, BH.Cl, + H — BH,_.Cl, + H, occurs by an additionelimination path via a
tetracoordinate intermediate. Likewise, BRCI, + X — BH;-,Cl, + HX or BH,-.Cl,-1 + XCI (X = H,

Cl) are also additionrelimination processes. Abstraction of Cl from BCl andBkLl, by H is endothermic

and occurs by a bent transition state.

Introduction

Boron compounds such as cubic boron nitride, boron carbide,
and titanium diboride are among the hardest and most abrasion-
resistant materials. Like diamond, these materials also have
low densities, high melting points, and considerable mechanical
strength and are chemically inert. As a result, they can make
excellent wear- and corrosion-resistant coating®oron-
containing films can be grown using chemical vapor deposition
(CVD). Because of the extreme toxicity associated with boron
hydrides, BC{ has been a commonly used boron precursor in
CVD. Although there have been a number of publications
examining the chemistry and kinetics of CVD film formation
from BCls, the validity of these analyses is uncertain because
of a lack of accurate, relevant experimental or theoretical data
on the decomposition of Bgl For example, one of the most
careful and detailed studies of boron carbide formation with
CVD technigues modeled the chemistry and the fluid mechanics
in a BCK/CH4/H, stagnation flow system with just two gas phase
and two gas-surface reactioris
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Figure 1. Potential reactions interconverting species in the8H
system.

and vibrational frequencies for B{€l, (0 < m,n < 3)3 These
data can form part of the foundation for accurate modeling of
BCl3; decomposition chemistry in the presence gf blit kinetic
information is also required. Figure 1 summarizes the unimo-
lecular and bimolecular reactions that could interconvert the
different species in the BKCI,, system. Experimental rate data
are available for BH+ Hy*5 and BCk + H® but not for most
BHCI, — BCl + HCI of the other reactions in Figure 1. The BH H, — BHj3
reaction has also been studied by high-level electronic structure
methods. The reaction path and potential energy surface were

BCl, + H, — BHCI, + HCI

1 —_—
BCI+ 7;H, —~ B+ HCI obtained by CASSCF and MRCI calculations with large,
correlation consistent basis sets. The theoretical rate constant
CH,— G, + 2H, 1) and activation energy are in excellent agreement with experi-

ment. The rates for BC+ H, BCI + Cl, BH + H, BH + Cl,

However, because of a lack of experimental or theoretical dataand B+ Cl, have also been examined but only using empirical
for these species, there is in fact no evidence that any of theseBEBO surfaces:# There are no systematic, high-level studies
global reactions play a role in the formation of boron carbide. that treat the reactions of Bi€l, in a uniform and consistent
CVD reaction schemes leading to formation of boron nitride manner. Theoretical methods such as the G2 level of theory
from BCl; are of necessity similarly crude. are capable of calculating energetics of small gas phase species

We have recently used quantum calculations at the G2 level to within 1—2 kcal/mol®~1! Previously, we have used this level
of theory to provide a self-consistent set of heats of formation of theory to calculate the heats of formation of BEn.3 In
this paper, we use the same approach to investigate the transition
® Abstract published ilAdvance ACS Abstractdjay 1, 1996. structures and reaction barriers in the B, system.

S0022-3654(96)00347-4 CCC: $12.00 © 1996 American Chemical Society




Potential Surfaces for Gas Phase Reactions of &Kl

J. Phys. Chem., Vol. 100, No. 23, 1996775

TABLE 1: Total Energies (hartrees) for Reactants, Intermediates, and Transition States in the BHCI, Systent

species sym MP2(full)/6-31G(®l) GZ
reactants and intermediates
BH Cov —25.175 870 —25.233 699
BCI Cov —484.311 686 —484.474 419
BH; Co —25.808 445 —25.856 344
BHCI Cs —484.911 069 —485.067 923
BCl, Co —944.008 108 —944.274 167
BHs Dan —26.468 568 —26.523 328
BH,CI Co —485.570 245 —485.733 340
BHCI, Ca —944.668 094 —944.940 296
BCl; Dan —1403.759 581 —1404.141 597
BH,—H, Co —26.977 691 —27.046 430
BHCI—H, Cs —486.069 302 —486.244 956
BCl,—H; Co —945.162 373 —945.445 738
insertions transition states
B + H,— BH; Cs —25.658 867 —25.737 081
BH + H, — BH3 Cs —26.309 448 —26.392 132
BCl + H, — BH.CI Cs —485.396 447 —485.589 758
BH, + H, — BH,—H, Cs —26.951 144 —27.021 788
BHCI + H, — BHCI—H, C —486.041 908 —486.223 151
BCl, + H, — BCl,—H; Cs —945.128 278 —945.421 062
B + HCI— BHCI Cs —484.752 255 —484.942 865
BH + HCI — BH,CI Cs —485.384 834 —485.576 476
BCl + HCI — BHCl, Cs —944.505 180 —944.804 380
hydrogen abstractions transition states
BH+H—B+H; Cov —25.656 946 —25.726 773
BHz + H— BH, + HA Co —26.929 235 —27.003 450
BH,CI + H— BHCI + H; Cs —486.032 256 —486.214 703
BHCI, + H— BCl, + H; Co —945.130 842 —945.421 631
BH3; + Cl— BH, + HCI Co —486.010 676 —486.199 347
BH,CI + Cl — BHCI + HCI Cs —945.133 354 —945.411 155
BHCI, + CI— BCl, + HCI Ca —1404.210 355 —1404.616 958
chlorine abstractions transition states
BCl+H— B + HCI Cs —484.740 574 —484.933 030
BH,CI +H — BH, + HCI Cs —486.009 238 —486.200 321
BHCI, + H— BHCI + HCI C —945.100 220 —945.400 346
BCl; + H— BCl, + HCI Cs —1404.188 613 —1404.598 971

a Additional MP2 and G2 energies: H-0.498 230,~0.500 000; B—24.562 460;-24.602 05; CH459.562 060;-459.676 640; H—1.144 141,
—1.165 863; HCI-460.202 149:-460.339 955° Without ZPE.¢ At 0 K, with ZPE using MP2(full)/6-31G(d) frequencies scaled by 0.9646 rather

than HF/6-31G(d) frequence$Second-order saddle point.

Method

Molecular orbital calculations were carried out using the
GAUSSIAN 942 series of programs using a variety of basis
sets of split valence quality or better with multiple polarization
and diffuse function'$ and spin-unrestricted methods. Equi-
librium geometries were optimized by Hartreleock and
second-order MgllerPlesset perturbation theory (HF/6-31G-
(d) and MP2(full)/6-31G(d), respectively) using a quasi-Newton
optimization method# Vibrational frequencies and zero-point
energies were calculated at the HF/6-31G(d) and MP2(full)/6-
31G(d) levels using analytical second derivati{e®¥ All

transition states had only one imaginary frequency. Some

The average absolute error of the additivity assumptions in the
G2 level of theory is only 0.30 kcal/mél. Because the
geometry and frequencies of some transition states are sensitive
to the level of theory, in the present work we use the zero-
point energy calculated at the MP2/6-31G(d) scaled by 08646
for all structures (minima and transition states) rather than the
HF/6-31G(d) zero-point energy scaled by 0.892%At the G2
level of theory, the mean absolute error for 125 well-character-
ized atomization energies, ionization energies, electron affinities,
and proton affinities is 1.3 kcal/mé?. The errors for barrier
heights are probably similar or somewhat larger.

Results and Discussion

representative transition states were characterized further by

reaction path followingf to confirm the nature of the reactants

The reactions in Figure 1 can be grouped into three basic

and products of the reaction. Correlated energies were calcu-categories: homolytic bond cleavage reactions, radical abstrac-

lated by fourth-order MgllerPlesset perturbation thedfy
(MP4SDTQ, frozen core) and by quadratic configuration
interaction with perturbative correction for triple excitatiths
(QCISD(T), frozen core) with the MP2(full)/6-31G(d) optimized
geometries. Inthe G2 meth8d%the energy computed at MP4/
6-311G(d,p) is corrected for the effect of diffuse functions
obtained at MP4/6-3G(d,p) and MP2/6-31tG(3df,2p), for
the effect of higher polarization functions obtained at MP4/6-
311G(2df,p) and MP2/6-3HG(3df,2p), and for the effect of
electron correlation beyond fourth-order obtained at QCISD-
(T)/6-311G(d,p). Higher level corrections for deficiencies in
the wave function are estimated empiric&ly based on the
number of paired and unpaired electrons.

E(G2) = E(MP4/6-311G(d,p)}t AE(diffuse)+
AE(polarization)+ AE(QCI) + AE(HLC) + ZPE (2)

tions, and insertion (or 1,1-elimination) reactions. Some of the
reactions in Figure 1 can also occur by an additiefimination
process. The reverse of the bond cleavage, radical addition
reactions, should have little or no barrier. Hence, we did not
search for a classical transition state on the potential energy
surface for these reactions (however, a variational transition state
would exist on the free energy surface).

The MP2 and G2 energies of various stationary points on
the BHCl, surface are listed in Table 1. Most of the open-
shell species hav# values of 0.75-0.85, except the transition
states for B+ Hy, B + HCI, and BCI+ H, which are in the
range 0.951.1. The geometries optimized at the MP2(full)/
6-31G(d) level are given in Figures-8. While this level of
theory is usually quite satisfactory for equilibrium geometries,
the geometries of some transition states may improve with larger
basis sets and higher levels of theory. The harmonic vibrational
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TABLE 2: Moments of Inertia and Frequencies for Reactions, Intermediates, and Transition States

reactants and intermediates

BH

BCI

BH:
BHCI
BCl,
BH3
BHCI
BHCI,
BCl;
BH>—H:>
BHCI—H,

BCl,—H,

insertions transition states

B + H,—BH:

BH + H>— BHs3

BCl + H, — BHCI

BH; + H,— BH>—H>
BHCI + H, — BHCI—H;
BCl, + H, — BCl,—H,
B + HCl— BHCI

BH + HCl — BHCI

BCl + HCl — BHCl,

hydrogen abstractions transition states

BH+H—B+H,
BHs+ H— BH, + H
BH.Cl + H — BHCI + H,
BHCI, + H — BCl, + H,
BHs + Cl — BH; + HCI
BH.CI + Cl — BHCI + HCI

BHCI, + Cl — BCl, + HCI

chlorine abstractions transition states

BCl+ H—B + HCI
BH.Cl + H — BH, + HCI
BHCI, + H— BHCI + HCI

BCl; + H— BCl, + HCI

5.017

2448.4

87.854

880.2

1.675, 8.183, 9.858

1080.2, 2688.3, 2847.9

3.017,101.764, 104.781

884.3, 969.9, 2744.9

21.187,583.362, 604.549

299.7,742.1,1034.5

7.667,7.667,15.333

1191.8, 1255.1, 1255.1, 2646.9, 2789.8, 2789.8

7.872,114.279, 122.151

868.5, 919.7, 1044.2, 1291.2, 2709.7, 2826.4

37.659, 568.834, 606.493

308.6, 772.8, 824.3, 953.7, 1167.2, 2792.8

564.086, 564.086, 1128.172

272.6,272.6,479.9, 496.9, 1009.1, 1009.1

10.342, 13.238, 19.206

803.1, 858.1, 889.5, 1109.0, 1321.7, 2110.5, 2224.2, 2731.9, 2852.9
13.251, 130.938, 137.676

685.0, 777.2,810.2, 855.3, 939.4, 1221.0, 1963.8, 2201.9, 2784.6
50.878, 588.745, 631.568

289.5, 491.8, 740.5, 821.0, 829.5, 955.4, 1015.3, 1914.8, 2211.4

2.527,13.286, 15.813

1100.4, 698.3, 2195.7

6.038, 15.536, 21.574

626.4, 911.9, 1104.4, 1423.3, 2517.9, 3293.4

9.391, 114.631, 124.022

1446.5, 669.1, 871.3, 935.0, 1450.0, 2509.1

10.748, 26.237, 31.970

388.5, 310.7, 616.4, 688.2, 917.5, 1039.5, 2703.0, 2866.1, 4291.5
19.134, 132.513, 145.092

695.5, 503.3, 589.5, 763.4, 845.2, 964.7, 1112.6, 2783.4, 3904.8
53.919, 599.387, 641.209

805.0, 283.2, 459.1, 575.2, 702.7, 806.1, 1001.4, 1225.5, 3331.1
2.304, 184.119, 186.422

879.9, 333.1, 1470.2

4.972, 269.385, 274.357

487.5, 225.6, 766.1, 780.4, 1432.5, 2624.7

41.635, 898.382, 940.018

737.2,118.5,518.8, 735.5, 962.6, 1572.1

25.515, 25515

2015.4,1020.5, 1020.5, 1160.6

8.023, 30.092, 38.116

1749.3, 386.1, 389.7, 1122.0, 1180.3, 1207.5, 1602.9, 2688.4, 2832.1
23.267,137.120, 160.387

1764.9, 88.2, 236.3, 883.5, 956.8, 1184.9, 1223.4, 1598.2, 2750.4
73.465, 578.697, 652.163

1728.1, 133.0, 220.3, 298.5, 707.6, 1008.8, 1158.9, 1219.4, 1629.9
8.398, 331.911, 340.308

568.8, 229.3, 248.0, 817.6, 925.9, 958.8, 1093.4, 2718.6, 2895.5
57.702,1073.396, 1131.098

514.5, 83.5, 240.0, 769.5, 815.3, 900.6, 940.2, 1056.7, 2779.8
588.839, 1190.769, 1779.608

435.9, 62.2, 151.1, 260.6, 640.6, 716.8, 828.9, 1043.9, 1096.2

4.354, 115.024, 119.378

1070.4, 647.5, 1063.3

13.590, 136.187, 139.155

940.1, 452.8, 623.0, 766.6, 869.1, 1070.1, 1337.9, 2713.3, 2861.8
51.607, 608.976, 649.492

846.8, 238.7, 395.6, 542.5, 751.4, 871.2, 1037.9, 1455.3, 2790.0
591.793, 627.800, 1201.123

830.6, 195.1, 209.6, 308.3, 388.2, 539.5, 766.8, 977.4, 1337.9

aFor each entry: first line, moments of inertia (amu Byhsecond line, frequencies (cA); based ortH, 1B, and®*Cl; additional values: H
0.979, 4532.4; HCI, 5.733, 3046.5Second-order saddle point.

frequencies and moments of inertia calculated at the MP2(full)/ anharmonicity. Heats of reaction and barrier heights are given
6-31G(d) level are listed in Table 2. The calculated vibrational in Table 3. For some reactions, there may be weakly bound
frequencies at this level of theory are typically ca. 6% too #igh  reactant-like clusters, allowing the transition states to be slightly
when compared to observed frequencies because of basis sdbwer than separated reactants. Note that recent experfhénts
effects, the neglect of electron correlation, and vibrational and calculatior’s?4 indicate that the heat of formation of gas
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TABLE 3: Heats of Reaction and Barrier Heights in the BH,Cl, Systent

heats of reaction forward barrier reverse barrier
species MP2 G2 MP2 G2 MP2 G2
insertions transition states
B 4+ H,— BH; —63.9 —55.5 30.0 19.3 93.9 78.8
BH + H, — BH3 —93.2 —77.7 6.6 4.8 99.8 82.3
BCl + H, — BH.CI —-71.8 —58.4 37.3 31.7 109.1 90.1
BH, + H,— BH>—H; -15.8 —-15.2 0.9 0.4 16.6 15.6
BHCI + H, — BHCI—H, —-8.8 -7.0 8.4 6.7 17.2 13.7
BCl, + H, — BCl,—H; —6.4 -3.6 15.0 12.0 21.4 15.6
B + HCI— BHCI —-91.9 —79.0 7.8 -0.5 99.7 78.5
BH + HCIl — BHCI —-120.6 —100.2 —-2.2 -1.8 118.5 98.4
BCIl + HCI — BHCI, 96.8 —79.0 5.4 6.3 102.2 85.3
hydrogen abstractions transition states
BH+H—B+H,; —-20.4 —-21.5 10.8 4.3 31.2 25.8
BHz +H— BH, + H° 8.9 0.7 23.6 125 14.7 11.8
BH,Cl + H— BHCI + H, 8.3 -0.3 22.7 11.7 14.4 12.0
BHCl, +H —BCl,+ H; 8.8 0.2 22.3 11.7 13.4 11.5
BH + Cl— B + HCI 12.6 2.3 12.5 0.4 —-0.1 1.9
BHz + Cl— BH, + HCI 12.6 2.3 125 0.4 -0.1 1.9
BH,CI + Cl — BHCI + HCI 12.0 1.3 11.9 —-0.7 —-0.1 —2.0
BHCI, + Cl— BCl, + HCI 125 1.8 12.4 0.0 -0.1 -1.8
chlorine abstractions transition states
BCl+H— B + HCI 28.4 20.4 43.5 26.0 15.1 5.6
BH,Cl + H— BH, + HCI 36.3 23.2 37.2 20.7 0.9 —2.5
BHCI, + H— BHCI + HCI 33.3 20.3 41.5 25.1 8.2 4.7
BCl; + H— BCl, + HCI 29.8 17.2 43.4 26.7 13.6 9.5

aAt 0 K, MP2 values without ZPE, G2 values include ZPEompare with ref 5, 2.9 kcal/mol calculated by MRCI/pVF&p. ¢ Second-order
saddle point.

Figure 2. Transition states for the insertion of B, BH, and BCl into
H. optimized at the MP2(full)/6-31G(d) level of theory.

phase boron atom reported in some standard reference Works:igre 3. Transition states for the insertion of B, BH, and BCI into
(e.g., 133.3 kcal/mol in ref 25) is ca. 3 kcal/mol too low. The Hc| optimized at the MP2(full)/6-31G(d) level of theory.
experimental value of 136.2 kcal/mol determined by Storms and
Mueller?2is supported by photoionization experiméatnd by BCl plus HCI lie 20-40 kcal/mol below the abstraction
high-level calculations of Ochterski, Petersson, and Wiferg products, BH, BH, and BHCI plus Cl, because of the strength
and by our previous theoretical wotk. of the H-CI bond being broken compared to the-1B bond
The transition states for insertion reactions of B, BH, and being formed. By contrast, the insertion reactions are exother-
BCl into H, are shown in Figure 2. All of these insertion mic by 100-120 kcal/mol because two bonds are formed but
reactions have a strongly distorted, non-least motion transition only one is broken. Somewhat surprisingly, the approach of
structure because of orbital symmetry considerations similar to the reagents appears to be governed by the HCI hydrogen
carbene and silylene insertiotfs Like the carbene and silylene interacting with the boron lone pair rather than the chlorine lone
insertions® these reactions show a profound increase in the pair interacting with the empty boron p orbital.
barrier height on halogen substitution (4.6 kcal/mol for BH Figure 4 shows the hydrogen abstraction transition structures
H, versus 31.7 kcal/mol for BCt Hy). The BH+ H, — BH3 forBH + H— B + H, and BH-,Cl, + H — BH>_,.Cl,, + Ha.
reaction has been studied previously at higher levels of theory. No abstraction transition states could be found forBig€I, +
The MP2/6-31G(d) optimized transition state is ca. 0.1 A earlier H, since the lowest energy processes are barrierless H additions
than the CASSCF/pVTZ-f structufethe MRCI/pVTZ+-sp to form BH;—Cl,. Each of the four structures of the stationary
barrier also occurs significantly earlier along the reaction path. points shown in Figure 4 has a linear-Bl—H moiety, with a
The barrier computed at the G2 level of theory is 1.7 kcal/mol planar boron and partially broken/formee-Bl and H-H bonds.
higher than the MRCI/pVT#sp barrier. The latter is in  Because of the weakness of the BH bond, BHH — B + H;
excellent agreement with experimént. is quite exothermic (21.5 kcal/mol) and has a small barrier (4.3
The transition states for the reaction of B, BH, and BCl with kcal/mol). The other three abstraction reactions are thermo-
HCI shown in Figure 3 look more like abstractions, but the neutral and have barriers of ca. 12 kcal/mol. Even though the
reaction path following confirms that these are insertion structures for BHClI + H — BHCI + H; and BHChp + H —
reactions. The reactants and transition states for B, BH, andBCl, + H; are first-order saddle points, the structure fors;BH
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Figure 4. Hydrogen abstraction by H from BH, BHBHCI, and BHC}
optimized at the MP2(full)/6-31G(d) level of theory. Note that BH

Schlegel et al.

Figure 6. Transition states for the insertion of BH-BHCI, and BC}
into H, and the elimination of b from the intermediates BiH-H,,
BHCI—H,, and BC}h—H, optimized at the MP2(full)/6-31G(d) level

H—H is a second-order saddle point, but all other structures are first- of theory.

order saddle points (transition states).

Figure 5. Intermediates for hydrogen addition to BH, BHBHCI,
and BHC} optimized at the MP2(full)/6-31G(d) level of theory.

+ H— BH; + H,is a second-order saddle point (two imaginary
frequencies).

Further optimization reveals that the BHCIl, + H —
BH,_.Cl, + H; reactions can proceed by a lower energy
pathway involving H addition to form a BH,.Cl, intermediate
followed by elimination of H.

BH2-nCln-H-H abstraction TS

3)
BH2-nCln + H2

BH3..Cln + H .. .
elimination

TS

BH4-nCln addition intermediate

Figure 7. Transition states for hydrogen abstraction by Cl from BH,
BH3, BH,CI, and BHC} optimized at the MP2(full)/6-31G(d) level of
theory.

H, are analogous but are only ca. 7 and 4 kcal/mol more stable
than the separated species.

The elimination reaction BH,Cl,, — BH,-Cl, + H; proceed
via the transition states shown in Figure 6. The reverse of these
reactions are insertions and behave similar to carbene and
silylene insertion reactior®§, AXY + H, — AH,XY, A = C,
Si. The transition states are non-least motion and occur
progressively later along the reaction path, and the insertion
barriers increase with halogen substitution (0.4, 6.7, and 12.0
kcal/mol for BH,, BHCI, and BC} + Hy, respectively). For
BH; + H — BH, + H,, the barrier for additiorelimination
(1.1 kcal/maol) is considerably lower than direct abstraction (12.5
kcal/mol, second-order saddle point). However, for BHEI
H — BCl, + Hy, the two processes have nearly equal barriers
and will be competitive (12.2 kcal/mol for additielimination
vs 11.7 kcal/mol for abstraction).

The hydrogen atom approaches along the axis of the empty p  For the divalent boron species, the BHCl, + H —

orbital on boron with little or no barrier to form a highly

BH1-nCl, + H; process also occurs by additieslimination.

distorted tetracoordinate intermediate, as shown in Figure 5. TheEven though the reverse of the elimination step can have a large

BH, structure is isoelectronic with CH and SiH™; each of
these species suffers JakFeller distortions’ because each can

barrier (Figure 2, 4.6 kcal/mol for BH H», but 31.7 kcal/mol
for BCI + Hy), the overall process is quit exothermic (27.1 kcal/

be obtained by removing an electron from a triply degenerate mol for BH, + H — BH + H, and 45.4 kcal/mol for BHCH

orbital in tetrahedral B, CHg, or SiHs. For BH,, the lowest

H — BCI + H,) and there is no net barrier.

energy structure contains a three-membered ring with elongated The transition states for the abstraction of H by Cl are shown
B—H and H-H bonds and is ca. 15 kcal/mol more stable than in Figure 7. For BH+ ClI — B + HCI, the reaction is

BH3 4+ H or BH, + H,. The structures of BHCGIH, and BCh—

exothermic by 19.9 kcal/mol and appears to occur by a linear
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Figure 8. Transition states for chlorine abstraction by H from BClI,
BH.CI, BHCI,, and BC} optimized at the MP2(full)/6-31G(d) level of
theory.

approach without a barrier. The BHand BHCI plus CI
reactions are exothermic (25.2 and 43.8 kcal/mol, respectively
and proceed by barrierless addition to form BkCln+1 which
can eliminate HCI (see Figure 3), with no net barrier. The
BH3-.Cl, + CIl — BH,_Cl, + HCI reactions are nearly
thermoneutral with little or no barrier. An additierlimination
mechanism is also conceivable but would involve more exten-
sive rearrangement than the BHCI,, + H — BH,_,Cl, + H3
case.

The transition states for BGt H — B + HCIl and BH;-Cl,
+ H — BH,_Cl, + HCI are shown in Figure 8. In contrast to

J. Phys. Chem., Vol. 100, No. 23, 1996779

and from the National Science Foundation (for H.B.S.,
CHE9400678).
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