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The electronic structure change caused by insertion of hydrogen into the interstices of Pd cluster is studied. Several 
properties such as energy, reduced overlap population (ROP), electon density (ED) and density of states (DOS) are 
calculated by Extended Hiickel Method. Various types of clusters are considered. The same is performed on Ni 
and Pt and all the results are compared. The results show that the hydrogen atom in Pd is stabilized remarkably 
but its wave function is almost unperturbed. The fact is compatible with noticeable solubility of hydrogen in Pd 
but may not be a positive enough evidence to rationalize the claimed cold fusion phenomenon. It is also found that 
a remarkable charge transfer from Pd atom to hydrogen atom occurs.

Introduction

Pons and Fleishmann reported an unusual phenomenon1 
that the fusion reaction can occur at room temperature by 
the electrochemical method. Its reproducibility2 and other 
related study such as physical and chemical investigations3-16 
of Palladium-Hydrogen (Pd-H) systems have reported. Quan­
tum mechanical and theoretical calculations for simple Pd 
cluster were also performed17^25. In fact, the concern for me- 
tal-hydrogen system26 - 28 began about a century ago29 and 
high solubility of hydrogen in Pd has caused keen interests 
in Pd-H system30 - 78.

The aim of this study is to assess the electronic structure 
change caused by insertion of hydrogen into Pd. Th은 이ues・ 
tion is of statics that 'How hydrogen exists in Pd' rather 
than of dynamics that 'How hydrogen enters Pd'. Scanning 
tunneling microscope (STM)79-81 has presented photographs 
for metals82- 88, including Pd, which reveal the extreme rough­
ness of these surfaces. As most electrochemical reactions 
occur in these rough surfaces, it is reasonable to regard this 
phenomenon as a reaction between small Pd cluster and 
hydrogen. Therefore, here, it seems that the molecular orbi­
tal (MO) calculation is more appropriate than band calcula­
tion89. Christensen23 and Lohr24 have reported that the hy­
drogen would exist as atomic entity in Pd. So we assume 
that the hyrogen exists as atomic form in the interstice of 
the Pd cluster. This article is divided into three parts as 
follows.

Part I. The electronic structure of atomic hydrogen per­
turbed by crystal field pot&itiapo’i js studied by variational 
method. Six Pd atoms are arrayed to form an octahedron 
and each atom is regarded as a point charge. A hydrogen 
atom is put into the center of the octahedron, and then its 
energy and eigenstate are computed. The same is performed 
on the hydrogen atom in a tetrahedral E이d.

Part II. A face centered cubic cluster of 44 Pd atoms, 
with 19 octahedral and 32 tetrahedral interstices, is const­
ructed. After inserting hydrogen atoms into the interstices 
of the cluster, the energy and electronic structure of the 
system are studied by Extended Hiickel method92 - 94.

Part III. The 이usters of Ni and Pt are compared with 
that of Pd. The f.c.c. 시usters of 32 metal and 32 hydrogen 
atoms are constructed, respectively, and then they are inter­
woven to form an NaCl-like structure. The systems are stud­
ied as in part II and the difference of the results for three 
metal are analysed.

Definitions of quantities used throughout the text are gi­
ven in appendix.

Calculation and Results

Part I. Perturbation on Hydrogen Atom Located 
in Octahedral and Tetrahedral Potential.

A hydrogen atom is at the center of 6 or 4 charge field 
as shown in Figure 1. The field is of the cubic symmetry. 
This is one of the simple model potential which a hydrogen 
atom would experience when it is located at the center of 
octahedral or tetrahedral interstices of Pd. In fact, if the 
distance of Pd-H is large enough, the interaction between 
two atoms would be of purely electrostatic nature.

Total Hamiltonian of the system under the octahedral field 
can be written as

H=Ho+卩아 (1)

where Hq is the total Hamiltonian of isolated hydrogen atom 
and Voh is perturbation from 6 point charges. Using atomic 
unit, each term can be expressed as

-寸/2 -1// (2)
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Figure 1. The cluster model used in part I. Solid circles and 
squares represent positions of metal and hydrogen atom. Pd-H 
distance, r, is 1.95 A in (a) and 1.69 A in (b).

w—港 下느r ⑶

where rk is th position of each Pd atom, and，is the point 
charge which represents the effect of ligand Pd atom. We 
take < as 1.5 which corresponds to, according to the Slater's 
rule, the exponent of 5s of Pd. VOh, a multi-centered potential, 
can be expanded by Legendre addition theorem95:

卩아 二一12,(丁沪2"广、飯)

一(7/3)・(丁沪《(”/，為)[匕°+(5/14)】/@44+8/4)]

一 (3/2卜 S/13)U2 < (,//尸巧)[瑞一(7/2)彩(踊+K,—4)]

-…… (4)

Likewise, VTd is expressed by

VTd= -8・S)U2
—(28/27) •(俨2<(亦4/"5)[匕o + (5/14)U2QZ+y4,— 4)]

—(16/9)・S/13)U2<(K%，〉7)[瑞一 (7/2*2(珞+烏_4)]

-…… (5)

Here, r> and r< are defined by

r>-\r\, r<= \rk\ for I이기川

and

r<= Irl, r>=lnl for I끼니기 ,

and the V represents spherical harmonics95. Since the mag­
nitudes of two successive terms of Eq. (4) and (5) differ 
approximately by order of 1 or 2, the fourth and higher 
terms may be ignored.

The atomic orbitals (AO's) which contribute significantly 
to the first order perturbation function are selected as bases. 
That is, 19 atomic orbitals (Is, 2s,…，7s,留_如 §go,贸+4, 
冬-4,毎0,塚+4, Zg-4, Zgo, Zg+4, 7i-4, 7z'o, 7z、4)are taken. 
Ground state energy and wavefunctions are listed in Table 
1.

In the case of octahedral potential, the ground state energy 
of hydrogen (—0.5 a.u.) is stabilized to —2.9344 a.u. 
(—23661 for tetrahedral potential) and the coefficient of Is 
orbital is 0.9988 (0.9979 for tetrahedral potential). The latter 
means the ground state MO of this system is almost equal 
to Is orbital os isolated hydrogen atom.

To estimate higher order correction, the basis functions 
are expanded to 140 atomic orbitals, all AO's from Is to 
7i+6 orbital. The result 아lows no energy improvement (Table 

Table 1. Ground State Energy and Wavefunction of Electrosta­
tic Potential System

a Octahedral and A tetrahedral potential. c Number of basis func­
tions. dThe seven significant coefficients are shown. The rest 
are approximately zero.

Potential Type 烦 19。） 7(19) Q険） "X140)

Energy(eV) -2.9344 -2.3661 -2.9344 -2,3661

MO Is 0.9988 0.9979 0.9988 0.9979
coefficient^ 2s 0.0465 0.0589 0.0465 0.0589

3s 0.0148 0.0205 0.0148 0.0205
4s 0.0076 0.0110 0.0076 0.0110
5s 0.0048 0.0071 0.0048 0.0071
6s 0.0034 0.0051 0.0034 0.0051
7s 0.0025 0.0039 0.0025 0.0039
3" 0.0000 0.0000 0.0000 0.0000

Figure 2. The P% cluster. Solid circles and sm기 1 squares re­
present 44 Pd atoms and 19 octahedral interstices respectively. 
The cluster also has 32 tetrahedral interstices (not designated 
in the figure).

1). That is, the 19 basis functions are sufficient for the prac- 
t记al purpose.

It is found that both the octahedral and tetrahedral poten­
tial stabilize the hydrogen atom in its energy, but do not 
cause the significant change in its electronic structure. The 
fact is referred in the selection of basis function of hydrogen 
atom in part II and III.

Part II. Energy and Electro거c Structure of Hydro­
gen Placed in Interstices of F.c.c. Cluster of 44 Pd
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Table 2. EHT Parameters for Pd of Pd“ Cluster

& Cl £2

5s 2.190 -7.32
渺 2.152 -3.75
4d 5.983 2.613 0.5264 0.6373 -12.02

Exponent parameters and coefficients are obtained from refer­
ence 96. 11 Energy paramerters are obtained from reference 97.

Table 3. Stabilisation Energy (S.E.) of P% Cluster

P% 瓦 9(Q) Pd44H32(TJ
(eV) (eV)

a Obtained from dividing total S.E. by the number of hydrogen 
atoms.

Pd-H clusters -5630.80 -5859.27
H clusters — 266.89 -475.48
P* cluster -5300.64 -5300.64
Tatal S.E. -63.38 一 83.15
"Unit S.E. —3.34 -2.60

Atoms
Pdu cluster in Figure 2 has 19 octahedral and 32 tetrahe­

dral interstices. The cluster has identical shape with the clu­
ster in Figure 1(a) but is of different size. After hydrogen 
atoms are placed into the interstices of two different kinds, 
the total energy and reduced overlap population (ROP) are 
evaluated. It has been reported that if Pd crystal absorbs 
hydrogen, the lattice parameter of Pd increases by about 
6 percent25. Nevertheless, frozen geometry is used for the 
convenience of camparison, since our major concern is the 
electronic structure change caused by hydrogen insertion. 
The EHT parameters used here are listed in Table 2.

Energy Stabilization. In EHT formalism, total energy 
is given as the sum of one electron energies. This is listed 
in Table 3. It shows that the hydrogen in octahedral inter­
stices is more stable than that in tetrahedral ones. This is 
compatible with the results of part I.

Reduced Overlap Population (ROP). ROP is evalu­
ated to give a quantitative description of electronic structure 
and computed values are listed in Table 4.

The part C in Table 4 shows the ROP change caused by 
hydrogen insertion into the interstices. When two atoms A 
and B are bound together, one expects in general that the 
electron density decreases at each atomic site and increases 
at the intemuclear region. The M須(H) in Table 4C is posi­
tive against the expectation. It means the electron densities 
at the hydrogen sites in Pd crystal are more dense than 
at those in imaginary hydrogen network. The 泣以。선), how­
ever, shows a large negative value and the AF以(Pd・H) small 
positive. Namely, the electrons of Pd atoms move into inter- 
nuclear region of Pd and hydrogen atom for bonding. The 
fact that all electrons participated in bonding are provided 
exclusively from Pd atoms signifies the charge transfer from 
Pd atom to hydrogen atom. It may be understood either 
as the intrinsic character of Pd atom or as edge effect of 
the chi옪ter. To elucidate the nature of the charge transfer, 
Pd is compared with Ni and Pt in Part III.

Table 4. Reduced Overlap Population Obtained from Hw, H32, 
H51 and Pd” Clusters(A), Three Pd-H Clusters(B), and their Net 
ROP(C)

Pd44H19(OA) P%H32(A) PdHSS

A TaaCH) 0.9567 0.8766 0.8411
&网） 9.8317 9.8317 9.8317

々如(Pd-Pd) 0.0417 0.0417 0.0417
P酒(Pd.H) 0.0000 0.0000 —
Pab(H-H) 0.0091 0.0513 —

B S(H) 0.9861 0.8786 0.8436
%Pd) 9.5838 9.5155 9.5189
S(Pd-Pd) 0.0318 0.0038 -0.0261
P^(Pd-H) 0.1030 0.1393 —
Pab(H-H) 0.0012 0.0193 一

cC APa4(H) 0.0294 0.0020 0.0025
사%(Pd) -0.2479 -0.3162 一 03129
△S(Pd-Pd) -0.0099 -0.0379 -0.0678
사知 (Pd-H) 0.1030 0.1493 —
APab(H-H) 一 0.0079 -0.0320 —

apAA are averaged values for 44 Pd atom and each hydrogen 
because it is one atomic value. % can not be averaged because 
it is of interatomic nature, so we take these values at the center 
of cluster. cThis sub・ta비e is constructed by B-A.

(a) (b> (이

Figure 3. The shape of clusters, (a) H32 cluster (b) M32 clus­
ter (M=Ni, Pd, and Pt) (c) M32H32 시uster.

Table 5. Lattice Parameters

Crystal Lattice parameter^cA)

Ni 3.52
Pd 3.89
Pt 3.92

a Obtained from reference 98.

Part III. Comparison of Pd-H Network with Ni-H 
and Pt-H Networks

The mod이 cluster for the calculation is shown in Figure 
3, NaCl-like structure is chosen to make the number of metal 
atoms equal to that of hydrogen ones. The cluster consists 
of 32 atoms and of 4 layers. Ni, Pd, and Pt crystals are 
of f.c.c. and their lattice parameters are listed in Table 5.

Energy parameters are obtained by the charge iteration 
method for the clusters92'94 and are listed in Table 6. The 
total energy, density of states (DOS), electron density (ED), 
and reduced overlap population (ROP) are evaluated for the 
clusters.
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(a)

Table 6. EHT Parameters for Ni, Pd and Pt of M32 Cluster

Orbital
aHit
(eV)

나氐 
(eV) % cC2

Ni -7.91 一8.33 1.925
-3.71 -4.10 1.925

-10.16 -10.51 5.75 2.20 0.5817 0.5800
诂(H) —13.6 -10.92 1.3

Pd -6.58 — 7.57 2.190
-0.29 -1.20 2.152
-9.43 -11.13 5.98 2.613 0.5535 0.6701

ls(H) -13.6 -10.80 1.3
Pt -8.86 -9.38 2.554

-4.23 -4.56 2.554
-10.67 -11.47 6.013 2.696 0.6336 0.5513

15(H) — 13.6 -11.81 1.3

aHn obtained by charge iteration method for metal and 4 metal­
hydrogen cluster. The charge iteration parameters used above 
are listed in references 99-101. ^Exponent parameters and coeffi­
cients are obtained from references 97, 고02 and 103.

Figure 4. DOS curves of (a) H32 cluster, (b) M32 cluster and 
(c) M32H32 지uster. PDOS at (d) hydrogen and (e) metal of M32H32 
cluster. This PDOS represents the contribution of a specific frag­
ment of the system to the total DOS. For all plots, the unit 
of abscissa is eV and the vertical solid line designates Fermi 
energy (*).

Table 7. Cluster Energy Stabilization of M32 Clusters

Ni(eV) Pd(eV) Pt(eV)

M-H m 시 ecule -2.28 -1.08 -2.29
flM32Hs2 cluster -3.27 -16.31 —8.77

Obtained from deviding the total S.E. of each cluster by the 
number of M-H pairs.

(b)

Energy Stabilization. The binding energy of the ima­
ginary M-H molecule (with the intemuclear separation of 
the lattice parameter), and the stabilization energy of M32H32 
clusters are evaluated, respectively. The latter is divided by 
32 for the visual comparison and its result is listed (Table 
7).

The imaginary M-H molecule is less stable in M = Pd case 
than else. However, in the cluster of M32H32, an unususal 
stabilization is seen in M=Pd case. This res마t seems to 
be compatible with the high solubility of hydrogen in Pd. 
The DOS and PDOS and introduced to elucidate the cause 
of stabilization.

Density of States (DOS) and Projected Density of 
States (PDOS). As one sees in Figure 4, there is no sig­
nal at —14 eV region in DOS of metal cluster[(b)] but small 
peaks appear in metal-hydrogen (M32H32) cluster[(c)! These 
peaks are due to bonding orbitals made of rf-orbitals of metal 
and 15-orbital of hydrogen. And Figure 5 shows that s-band 
[(a) and (b)] and />-band[(c) and (d)] do not contribute in 
any significant extent to the states below Fermi energy (eF).

The figure shows that the energy stabilization is caused 
essentially by rf-bandE(e) and (f)]. The peak center remains 
almost unchanged for Ni and Pt. But in Pd32H32r the peak 
center of <Z-band experiences notable dislocation. The rf-band 
shift of Pd32H32 contributes to the stabilization of the total 
system.

Electron Density (ED) and Projected Electron Den­
sity (PED). The change of electron density is displayed

Figure 5. PDOS curves of (a) s-orbitals of metal in M32 cluster, 
(b) 5-orbitals of metal in M32H32 cluster, (c) />-orbitals of metal 
in M32 cluster, (d) />-orbitals of met지 in M32H32 이uster, (e) d- 
orbitals of metal in M32 cluster, and (f) rf-orbitals of metal in 
M32H32 cluster. It is noticeable that this PDOS represents the 
contribution of a specific atomic orbital of the system to total 
DOS. For all plots, the unit of abscissa is eV and the vertical 
solid line designates Fermi energy (e^).
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(a) (b)
뎌gure 6. Electron density diagram of (a) M32 cluster and of (b) 馬 cluster.

(2 (b)
뎌如re 7. Electron density diagrams of (a) M32H32 cluster, and (b) Difference ED diagram ([Fig. 7(a)]-[Fig. 6(a)+Fig. 6(b)]). The di­
agram shows electron density change after insertion of H32 into M32 cluster.

(b)
Hgwre 8, Projected electron density (PED) diagrams for (a) metal and (b) hydrogen from total ED.

in 3-dimensional diagram (Figure 6-9). They are rather qual­
itative but easily understandable. The quantitative descrip­
tion will be given in ROP table.

In Figure 6. the eight crators in (a) represent electron 
densities of eight metal atoms placed in third layer from 
the top of the cluster of Figure 3(a). The center of the crator 
is the site of met이 atom and the eight hills in (b) are at 

the sites of hydrogen atoms. The ED diagrams of M32H32 

clusters are given in Figure 7(a). It is noticeable 사lat the 
small eight hills still remain.

The electron densities of metal and hydrogen [Figure 6(a) 
and (b)] are subtracted from those of metal-hydrogen clus­
ters [Figure 7(a)] respectively. The resultant densities [Fi­
gure 7(b)] represent ED chaise caused by formation of me-
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(a) (b)
Figure 9. Difference PED diagram (a) (LFig. 8(b)]-[Fig. 6(b)]) (b) ([Fig. 8(a)]-[Fig. 6(a)]). The diagrams show clearly the electron 
density changes for the metal (a) and hydrogen (b).

Table 8. Reduced Overlap Population Obtained from M32 and 
H32 Clusters(A), M32H32 Cluster(B), and their Net ROP(C)

Ni Pd Pt

A 吁％(H) .9364 9571 .9591
&KM) 9.6018 9.8578 9.5049
奸知(M-H) .0770 .0294 .1079
Pab(M-H) .0000 .0000 .0000
S(H-H) .0198 .0131 .0116

B 珞(H) .7488 .8660 .7516
Bu(M) 9.3972 9.5923 9.3604
珏(M-M) .0694 ,0141 .0906
Fm(M-H) .1306 .0912 .1198
Rb(H-H) .0004 ,0023 .0000

cC APa4(H) 一.1877 -.0911 一.2075
Mu(M) 一.2046 -.2655 — .1445
A知(M・M) 一.0076 -.0153 -.0173
AS(M-H) .1306 .0912 .1198
APab(H-H) 一.0194 -.0108 -.0116

aPAA are averaged-values for 32 metal atoms and 32 hydrogen 
atoms. bPAB can not be averaged because it is interatomic nature, 
so we take these values at the center of cluster like Pd“ cluster 
case. cThis sub-table is costructed by B-A.

tal-hydrogen cluster. The diagram shows all the atomic sites 
are collapsed. It means that the electrons of each atoms are 
spent for the bond formation. The shape of collapsed area 
looks like that of (/(x2—^2)-orbital. That is, the electrons from 
metal i/Cr2—^^-orbital contribute to binding. Since the 
—y2) and d妒)orbitals of metal atom belong to same symme­
try (纭)，J(z2) orbital interacts with Is orbital of the hydrogen 
atom likewise.

Figure 8 is the PED diagrams of hydrogen [(a)] and metal 
[(b)] made from the tot이 density EFigure 7(a)]. The ED 
of Figure 6 is subtracted from that of Figure 8 (nam이y, 
Difference PED) and the result is drawn in Figure 9. If the 
ED changes do not occur in the process of the formation 

of the interwoven network, M32H32, from the networks M32 
and H32, then it will be flat.

In reality, however, the result is otherwise. Figure (a) 
shows that d(^—y2) (and rffe2)) orbitals of metal contribute 
to the bond. The extremely small contribution of hydrogen 
to the bond is also shown in (b). It should be noted that 
the shape of the diagram for M = Pd case. In (a), it shows 
rather deep holes at the sites of Pd atoms, and nearly flat 
plane in (b). That is, in comparison with hydrogen atom, 
overwhelmingly large portion of electrons needed for the 
Pd-H bond formation is supplied by Pd atoms. So, it seems 
that hydrogen atom in Pd cluster keeps its electronic 
structural identity to almost unperturbed. The quantitative 
aspect of this will be unveiled in following ROP calculation 
(Table 8C).

Reduced Overlap Population (ROP). The ROP are 
listed in Table 8. The f扇(H) in A are almost equivalent 
for three metal clusters. But in B, the values for Ni and 
Pt are about 0.75 and for Pd is 0.87. That is, the hydrogens 
in Pd cluster lose their electrons less than in Ni and Pt 
clusters.

The net ROP, AP, which manifests ROP change after inse­
rtion of hydrogen into the metal is given in Table 8C.

APax(M) and A/\b(M-H) show change of the 
electron population for the formation of metal-hydrogen clus­
ter. The data signifies that the Ni-H and Pt-H bonds are 
more covalent and the Pd-H bond is comparatively more 
ionic. That is, charge transfer from Pd atom to hydrogen 
atom occurs. This is consistent with Tomanek's report25.

Conclusion

In part I, it was found that a hydrogen atom in the point 
charge field is remarkably stabilized but its wave function 
remains nearly unperturbed. We have performed more ad­
vanced calculations in part II but obtained qualitatively simi­
lar results. Because Extended Hiickel method is based upon 
MO theory, the concept of bond is introduced naturally. In 
the case of Pd-H bond, the charge transfer from Pd atom 
to hydrogen atom is remarkable. It may be understood as 
the intrinsic character of Pd atom or may be interpreted 
as the edge effect of the cluster. In order to clarify the ques­
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tion, the comparison with other metal clusters are made in 
part III. The same methodology used in part II is also ap­
plied in part III. The result shows that only the hydrogen 
in Pd is stabilized due to the shift of the Pd J-band. Thus 
it confirms that the charge transfer is definitely of the intrin­
sic character of Pd atom.

In summary, the hydrogen atom in Pd is stabilized energe­
tically but its wave function is almost unperturbed. The re­
sult is compatible with notable solublity of hydrogen in Pd. 
But we do not find any positive enough evidence to ration­
alize the claimed cold fusion phenomenon1, where hydro­
gen atom in Pd would experience definitely serious pertur- 
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Appendix

1. Density of States (DOS) and Projected Density of States 
(PDOS)

p宓)=¥&E—&) (DOS for bulk)

ME)=¥ |crt|28(E-e*) (PDOS for bulk)

pc(E)=(2no2) -I/2^ exp[ — (F—£*)2/2a2] (DOS for cluster)

pf(E)=(2m*)-1 晶 2 exp[ e*)2/202]

(PDOS for cluster)

2. Electron Density (ED) and Projected Electron Density 
(PED)

ED of isolated fragment A

n1fi(r) fi= 2
t k€A

= y y 2쎠了(以顼' Qv=^j 
i€A jCA F

ED of A-B composite system

1%)=¥¥沧)까必(7)，必=?加爲

=痔為0仞G+ %沙Rc的,:0)c穴

=r~”)+rf)

PED of fragment A in A-B composite system 

沪馬目外*力Qj(g&

3. Reduced Overlap Population (ROP)

Paa=圣神席

Pab=2 V X 여f&G，Sy： overlap matrix
iel T
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In this study we have synthesized two spiro orthocarbonates, which can be polymerized with volume expansion, 
and determined their crystal structures. The crystal data are as follows; 3,4,10,11-Di(9,10-dihydro-9,10-€thanoan- 
thracenyl)-l,6,8,13-tetraoxa-6.6-tridecane 5: a = 16.898 (1), b = 9.299 (1), c=24.359 (2) A, p = 123.73 (7)°, space group 
P2j/c and 7?=0.073 for 2954 reflections; compound 8: a =15.244 (4), b = 15.293 (3), 10.772 (3) A, 8=99.45 (2)°,
space group and J?=0.082 for 2346 reflections. The seven-membered rings of compound 5 are chair forms 
and all the six-membered rings are boat shaped. For a six-membered spiro orthocarbonate, 3,9-Di(9-fluorenylidenyl)- 
l,4»6,9-tetraoxa-5t5-undecane 8, fluorene groups [C(l) atom through C(13) atom] are planar within ± 0.09 A and the 
six-membered rings have chair conformations. The whole molecule has pseudo-C2 symmetry. The water molecules 
in the crystal are linked with each other through the hydrogen bond with distance of 2.790 (20) A.

Introduction

Monomers th가 will polymerize with no shrinkage or 
volume expansion are highly desirable for practical applica­
tions of polymeric materials, such as strain free composites, 
precision castings, dental filling and semi-conductor encapsu­
lations. Spiro orthocarbonate, which is a bicycle compound, 
was found to expand volume on ring opening polymerization 
in which for every bond that goes from a van der Waals* 
distance to a covalent distance, at least two bonds would 
go from a covalent distance to a near van der Waals' dis­
tance. Therefore the volume shrinkage on a bond formation 
can be compensated with the volume expansion on two 
bonds breakage.

Baily and coworkers1-3 reported the preparation of various 
spiro orthocarbonates and the practical applications such as 
in epoxy resin modifier, dental filling and elastomers. We 
also prepared several spiro orthocarbonates which have bulk 
and rigid side groups such as anthracene, naphthalene and 
benzene rings4-6. Here we report the syntheses of two spiro 
orthocarbonates and their crystal structures determined by 
single ciyst키 X-ray diffraction method.
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Figure 1. The synthesis of spiro orthocarbonate based on an­
thracene

Synthesis

In this study we have synthesized two new spiro orthocar­
bonates 5 and 8 as shown in Figures 1 and 2. The Diels- 
Alder adduct 3 was prepared in 91% yield from the reaction 
of anthracene and maleic anhydride in benzene • following 
the published procedure7. The diol 4 was first prepared in 
80% yield by treatment of compound 3 with BFa/NaBIL in 
diglyme8. However it has been found that this reaction can


