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In a rubidium manganese hexacyanoferrate, RbMn[Fe(CN)g], the magnetic susceptibility (yw) decreased at 225 K

(=Ty2) and abruptly increased at 300 K (=Tyza) in the

cooling and warming processes, respectively. X-ray

photoelectron spectroscopy and infrared spectroscopy indicated that the high-temperature (HT) and low-temperature
(LT) phases were composed of Mn"-NC—Fe" and Mn"-NC-Fe", respectively. A structural change from cubic
(F43m, a = 10.533 A) to tetragonal (14m2, a = b = 7.090 A, ¢ = 10.520 A) accompanied the phase transition,
and, on the basis of these results, the HT and LT phases were assigned to Mn'(tzg*e¢?, ®Aig; S = °)-NC—Fe"
(tzg®, %Tog; S = Y5) and Mn"(e4?hygtasg?, 5Big; S = 2)-NC—Fe'' (byeq?, *Asg; S = 0), respectively. This phenomenon
is caused by a metal-to-metal charge transfer from Mn" to Fe'" and a Jahn—Teller distortion of the produced Mn"

ion. The reaction mechanism is discussed, considering the

entropy difference between the HT and LT phases.

1. Introduction

Thermal phase transition phenomena, which are divided
into categories such as spin crossé¥emd intramolecular
electron transfer, are extensively investigated in solid state
chemistry!~12 Depending on the strength of the ligand field,
a transition metal ion in a spin crossover complex can be in
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to the crossover, a spin transition occurs between the two
spin states and is typically observed in octahedral coordinate
iron transition metal complexésAnother category is the
charge-transfer phase transition, which has been observed
in mixed-valence complexés® and charge-transfer phase
transitions accompanied by spin crossovers have also been
reported. For example, im{C3H;)4N[F€'Fe" (dto)] (dto =
C,0,S,), the F¢I(S = Y,)—F€'(S = 2) phase converts to
the Fd(S= 0)—F€"(S = ) phas€. Co(pyX)(3,6-DBQ),
(X =0, S, Séjand Na Coy jFe(CN)]-4.9H,0° were also
reported to have this type of charge-transfer transition. Often, Figure 1. Schematic structure of Ridn"[Fe" (CN)e]. Large gray circles

o . .are Rbions. Middle black circles are Mnions, and middle white circles
athermal phase transition accompanies a thermal hysteresig,q rai ions. Small white circles are C atoms, and small gray circles are
loop/~° A thermal hysteresis loop is related to the cooper- N atoms.
ativity of the corresponding system and in a metal complex
assembly is due to the interaction between a metal ion and(0.1 mol dn7?) to yield a precipitate. The precipitate was filtered
lattice strain. Examples include electrophonon coupling? and dried and yielded a powdered sample.
Jahn-Teller distortionsi? and elastic interactiord. Since Elemental analyses of Rb, Mn, and Fe in the synthesized
cyano-bridged metal assembhé¥ such as Prussian blue compound were performed by inductively coupled plasma mass
analogues are mixed-valence compounds with a Strongspectrometry (ICP-MS). The morphology of the compound was

- . . measured by a Hitachi S 4200 scanning electron microscope (SEM)
cooperativity due to the bridged CNigand, they are suitable with 3.5 kV accelerating voltage, and 3@ of beam current was

for observing thermal phase transitions. Wg _have.recently used for imaging. The X-ray photoelectron spectroscopy (XPS)
observed a temperature-induced phase transition with a largéneasurements were conducted using a Physical Electronics odel
thermal hysteresis loop in rubidium manganese hexacyano-5600 spectrometer equipped with a hemispherical capacitor ana-
ferrate!® In this paper, detailed data regarding this phase lyzer. Ultraviolet-visible (UV—vis) reflectance spectra and infrared
transition such as variations in crystal structures, electronic (IR) spectra were recorded on a Shimadzu UV-3100 spectrometer
states, and magnetic properties are reported and the mechand a Shimadzu FT-IR 8200PC spectrometer, respectively. For

anism of this phase transition is discussed. optical measurements, Caplates held the powder sample. The
powder X-ray diffraction (XRD) patterns were measured with a
2. Experimental Section Rigaku RINT2100 instrument (Cud, and the powder sample

- was placed on a Cu plate. The magnetic properties were measured
Rubidium(l) manganese(ll) hexacyanoferrate(lll) was prepared using a Quantum Design MPMS-7S superconducting quantum

by reacting an aqueous solution (0.1 mol @nof MnCl, with a interference device (SQUID) magnetometer. The heat capacity was
mixed aqueous solution of RbCI (1 mol dif and KJFe(CN)] measured using a Quantum Design 6000 physical property mea-

surement system (PPMS), and the data was collected during heating
(14) (a) Ludi, A.; Gudel, H. U. Struct. Bonding (Berlin)1973 14, 1. (b) since the equipment used the thermal relaxation method.
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1554. (c) Verdaguer, M.; Mallah, T.; Gadet, V.; Castro, |late,
C.; Thigbaut, S.; Veillet, PConf. Coord. Chem1993 14, 19. (d)
Entley, W. R.; Girolami, G. SSciencel995 268 397. (e) Ferlay, S.; . .
Mallah, T.; Ouahe, R.; Veillet, P.: Verdaguer, Mature 1995 378 3.1. Material. The prepared compound was a light brown
701. (f) Sato, O.; lyoda, T.; Fujishima, A.; Hashimoto, cience powder, and elemental analyses for Rb, Mn, and Fe indicated
1996 271, 49. (g) Buschmann, W. E.; Paulson, S. C.; Wynn, C. M.; ; i _
Girtu, M. A.: Epstein. A. J.: White, H. S.: Miller. J. Shdy. Mater that the obtained precipitate had a formula of RbMn
1997,9, 645. (h) Ohkoshi, S.; Hashimoto, Khem. Phys. Let.999 [Fe(CN)] (Calcd: Rb, 24.26; Mn, 15.59; Fe, 15.85%.
314, 210. (i) Ohkoshi, S.; Abe, Y.; Fujishima, A.; Hashimoto, Rays. Found: Rb, 24.25; Mn, 15.95; Fe, 15.35%). The 1:1:1 ratio

Rev. Lett. 1999 82, 1285. (j) Verdaguer, M.; Bleuzen, A.; Marvaud, . . . . .
V.: Vaissermann, J.; Seuleiman, M.: Desplanches, C.: Scuiller, A.; of Rb:Mn:Fe allowed the Mn ions to coordinate six cyano-

Train, C.; Garde, Iﬁ.;GeIIy. G.;dLorEenech,C.; Rosenman, I.;\(/ktiillet, nitrogen, and consequently the network does not contain
P.; Cartier, C.; Villain, F.Coord. Chem. Re 1999 190 1023. ; ; ;

Holmes, S. M.: Girolami. G. SJ. Am. Chem. Sod999 121 5593, water molecules as shown in Figure 1. Other Prussian blue
(I) Hatlevik, @.; Buschmann, W. E.; Zhang, J.; Manson, J. L.; Miller, analogues have also been reported to have this type of crystal

J. S.Adv. Mater. 1999 11, 914. (m) Ohkoshi, S.; Mizuno, M.; Hung, r rel’” SEM im how h h in wder
G. 1. Hashimoto, K.J. Phys. Cheme000 104 9365, structure'’ S ages showed that the obtained powde

(15) (a) Garde, R.; Desplanches, C.; Bleuzen, A.; Veillet, P.; Verdaguer, S2mMple was composed of cubic microcrystals that were 2.1
M. Mol. Cryst. Lig. Cryst. Sci. Technol., Sect1899 334, 587. (b) + 1.1um (Figure 2).
Ohkoshi, S.; Machida, N.; Zhong, Z. J.; Hashimoto, $nth. Met. .
2001, 122, 523. (¢) Rombaut, G.. Verelst, M.: Golhen. S.: Ouahab, ~ 3-2- SQUID Measurement.Figure 3 shows the product

L.; Mathoniere, C.; Kahn, Qnorg. Chem2001, 40, 1151. (d) Zhong, of the molar magnetic susceptibilityy) and the temperature
Z. J.; Seino, H.; Mizobe, Y.; Hidai, M.; Fujishima, A.; Ohkoshi, S.; ; ivh.

Hashimoto, K.J. Am. Chem. So200Q 122, 2952. (e) Larionova, J.; (T) vs T plots. TheywT Va_llile in the high-temperature (HT)
Gross’.M.; Pilkington, M.; Andres, H.; Stoeckli E. H.; i, H. U, phase was 4.67 chik mol~t at 330 K, but when the Sample
Decurtins, SAngew. Chem., Int. E®00Q 39, 1605. (f) Podgajny, was cooled at a cooling rate of 0.5 K mintheymT value

R.; Korzeniak, T.; Balanda, M.; Wasiutynski, T.; Errington, W.; Kemp, _ .
T. J.; Alcock, N. W.; Sieklucka, BChem. Commur2002 10, 1138. decreased around 235 K and &Rt= 180 K in the low-

g) Li, D.; Gao, S.; Zheng, L.; Tang, W. Chem. Soc., Dalton Trans  temperature (LT) phase reached 3.19*dtmol~1. Con-

2002 14. 2805. (h) Arimoto, Y.; Ohkoshi, S.; Zhong, Z. J.; Seino, ;
H.; Mizobe, Y.; Hashimoto, KJ. Am. Chem. So@003 125, 9240. versely, as the sample in the LT phase was warmed at a
(16) Ohkoshi, S.; Tokoro, H.; Utsunomiya, M.; Mizuno, M.; Abe, M.;
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3. Results
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Figure 5. Magnetic hysteresis loop of the LT phase at 3 K.

Figure 2. SEM image of the precipitate.
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Figure 3. The observeguT—T plots in the cooling (i) and warming (i) Table 1. XPS Data of the HT and LT Phases
processes, first measureme®), second measurementl), and third

measurementw). binding energy [eV]
4 Fe ion Mn ion
000000 compound 2D 2P, 2Py, 2P
3 c00° © HT 724.1 710.1 654.0 641.8
o?© LT 721.7 708.8 654.4 642.5
K's[Fe' (CN)g] 723.6 710.0
K'4[F€'(CN)g] 721.8 709.1

were obtained by extrapolating the data in the temperature

Magnetization (u)
N

1 region of 30-270 K and 156-270 K, respectively (Figure
6).
06 " e o e 3.3. XPS, IR, and UV~Vis Reflectance Spectroscopy.
Magnetic field (kG) The XPS spectra of K[Fe" (CN)g], K'4[FE'(CN)g], HT, and
Figure 4. Magnetization vs external magnetic field plots of the LT phase LT phases were mea,sur_ed' In th_e HT phase, the kg-2P
at 3 K. and Mn-2B; electron binding energies were 710.1 and 641.8

eV, respectively (Table 1). In the LT phase, the Fg;2dhd
heating rate of 0.5 K mirt, theyu T value suddenly increased  Mn-2Ps, electron binding energies were 708.8 and 642.5
near 285 K and reached the HT phase value at 325 K. TheeV, respectively. The 2f2 electron binding energies for the
transition temperatures from HT to L) and from LT reference samples of fF€" (CN)s] and K/ 4[F€'(CN)¢] were
to HT (T12) were 225 and 300 K, respectively, and the width 710.0 and 709.1 eV, respectively.
of the thermal hysteresis I00AT = Ty — T12) was 75 The IR spectra were recorded over a temperature range
K. This temperature-induced phase transition was repeatedlybetween 300 and 10 K. Figure 7 shows the Gitretching
observed. Furthermore, when the LT phase was cooled to afrequencies at 300, 240, 220, 200, and 10 K. At 300 K, a
very low temperature under an external magnetic field of sharp CN peak was observed at 2152 ch{line width =
10 G, it exhibited spontaneous magnetization with a Curie 9 cnt?), and as the temperature decreased, the intensity of
temperatureTc) of 12 K. The magnetization as a function this peak decreased. Around ®X a new broad peak
of the external magnetic fieldte8 K indicated that the  appeared at 2095 crh (line width = 65 cm?). These IR
saturated magnetizatioM() value was 3.6t g (Figure 4) changes were in the same temperature range of the phase
and the coercive fieldH.) value was 1050 G (Figure 5). transition in theyyT—T plots.
The ym =T plots of the paramagnetic LT phase showed  Figure 8 shows the UVvis reflectance spectra of the HT
positive Weiss temperature®) between 12 and 15 K, which  and LT phases. In the HT phase, the absorption bands were

Inorganic Chemistry, Vol. 43, No. 17, 2004 5233
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Figure 7. Temperature dependence of CHitretching frequencies in the Figure 10. C, vs T plots as the temperature increases.

IR spectra as the temperature decreases.

1.0 structure with a lattice constant of 10.533 A (at 300 K). As
the sample was cooled, the XRD peaks of the HT phase
decreased and different peaks appeared. The observed XRD
pattern in the LT phase showed a tetragonal structuréna
with a=b = 7.090 A andc = 10.520 A (at 160 K), which
correspond taa = b = 10.026 A andc = 10.520 A in a
cubic lattice. The unit cell volume of 11693An the HT
phase was reduced about 10% to 1057rfithe LT phase,
and the tetragonal structure returned to the cubic one upon
warming.

3.5. Heat Capacity.The molar heat capacityCf) of this
compound between 2 and 320 K was measured (Figure 10),
and as the temperature increased, the heat capacity showed
an anomalous peak in the temperature range of-380 K.

A transition enthalpy AH) of 1.7 kJ mot?! and a transition
entropy AS) of 6 J K2 mol™! in this phase transition were
obtained by eliminating the normal heat capacity of the LT
phase

0.81
061}

0.4

Absorbance (a.u.)

0.24

0.0 T T T T
400 600 800 1000 1200 1400

Wavelength (nm)

Figure 8. UV —uvis reflectance spectra of the LT (solid line) and HT (dotted
line) phases.
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4. Discussion

4.1. Electronic States of HT and LT Phases. The observed
Fe-2Ry; electron binding energy of 710.1 eV in the HT phase
corresponds to an electron binding energy of 710.0 eV for
240K Fe' in K'3JFE"(CN)g. In contrast, the Fe-23 binding
230K energy of 708.8 eV in the LT phase is close to that df Fe
in K'[F€'(CN)g], 709.1 eV. The shift of the Mn-2f3 binding
energy from HT to LT phases suggests that the oxidation
number of the Mn ion increases from Il to Ill. The CN
stretching peak at 2152 crhin the HT phase is due to the
CN- ligand bridged to P& and Mr' ions (Fd'—CN-—Mn"),
but the broad CN stretching peak at 2095 crhin the LT

F43m
300K

250K

L T 1

30

10 0 ey % phase is assigned to the Chigand bridged to Feand Mr!
A I O L L IAm2 ions (F&—CN-—Mn'"). These XPS and IR spectra indicate
8f :t8s888 =& 8§ that valence states for Mn and Fe ions in the HT phase are

Figure 9. Temperature dependences of XRD spectra. Black and gray peaksMn”(ds) and Fé'(d°) and those in the LT phase are M)
are the diffraction peaks of the HT and LT phases, respectively, and light and Fé(df). Considering the decrease in tpgT value at
gray peak is the overlapped peak of the HT and LT phases. (* indicates Cu Tua,, the electronic states of the HT and LT phases are
from the sample holder.) . -
assigned to MiWd® S = 5,)—CN —Fée"(d% S = %,) and

approximately 410, 520, and 680 nm, while the band Mn"(d% S= 2)—CN —Fé€!(d%, S= 0), respectively. These
absorptions in the LT phase were 540, 700, and 1100 nm.assignments are also supported by Mn and Fe X-ray emission

3.4. XRD SpectroscopyFigure 9 shows the XRD patterns
as the temperature decreased from 300, 250, 240, 230, 220(18) Tr? determine the hexcess hleﬁt capacity due to the obs?rvclad t(rj\ebrmal
210, 200, 180, 0 160 K. The diffaction pattern of the HT [ farstien, e pormal et capnety cuve e it by
phase was consistent with a face-centered cub#3r) 190 and 280 K.

5234 Inorganic Chemistry, Vol. 43, No. 17, 2004
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Reaction Scheme between the LT and HT Phases
HT phase: Cubic

Scheme 1.

Mn'HS  Fellls | Mn'HS  FellLs
T N = T2 e N %
-o-.—_o- '.:;.' H tZg e 000 tz

. s=52 S=12 S=52 S=12

Charge transfer
Charge transfer

LT phase: Tetragonal

Mn'HS  FellLsS wnaly | MHS  Fells |
— a i

aig = NG b . *—.Nc-
eég - Jghrg—"l;eller [ e reeeee |
istortion i

S=2 . s=2  s=0

and absorption spectroscopi€d.he structural change from
cubic to tetragonal in the XRD measurement (Figure 9) is
explained by the MA Jahn-Teller transformation of the
tetragonally octahedral elongation type ;§Boscillator
mode)?*-22 Thus, the d-orbitals for both metal ions in the
LT phase hav®a., symmetry (g, big, 102g, and g). Therefore,
the precise electronic state of LT phase is"N&y?b,qtaud’;

S = 2)—NC—Fé'(hies* S= 0) (Scheme 1).

The UV—vis reflectance spectra can be explained using
the assigned electronic states for the HT and LT phases.
Absorptions near 410 and 520 nm in the HT phase are due
to a ligand-to-metal charge transfer of [REN)¢] and d—d
transition of F& (2T,q — “T1g), respectively?® In the LT
phase, the absorptions around 540 i — Byg, °Ey)
and 1100 nm3B14— °Ayg) are due to JahnTeller distorted
Mn' 20 and the broad absorption around 700 nm is from the
metal-to-metal charge-transfer band (intervalence transfer
band) in the mixed-valence compound.

4.2. Mechanism of Phase Transition.Prussian blue
analogues are in class Il mixed-valence compounds, which
have the potential to exhibit a charge-transfer phase transition

e ———

| oo T
| Mn-Fe" |
! ' | Im kJ mal!

o,
i Ee!

T=0K |
> | !
=g | / [
g |
@
l.% Low
(b)
T=263K
ET) B
2 g
g ]
$ ©
£ g
5
}_
(c)
T=400 K
>
=
2
$ Y
&
w

Figure 11. The schematic free energy surfaces of this system in mixed-

valence (black curve) and Jahfieller (gray curve) modes: (a) ground

state is MiH' —Fé' and metastable state is MaFe' atT=0K, (b) T =

263 K (=Tp), (c) ground state is Mh-Fé'' and metastable state is Mr-

Fe' at T = 400 K. Each curve is calculated on the basis of eq 1. Gray
spheres indicate population.

and are represented by two parabolic potential-energy curvesjpronic state is a ground statet= 0 K for the vibrational

due to valence isomers in the nuclear coordinate of the
coupled vibrational mod&?* When these two vibronic states
interact, the ground state surface has two minima in the
vibrational coordinate. In the present system, thé'Mir€'

(19) (a) Osawa, H.; lIwazumi, T.; Tokoro, H.; Ohkoshi, S.; Hashimoto, K.;
Shoji, H.; Hirai, E.; Nakamura, T.; Nanao, S.; Isozumi,Stlid State
Commun.2003 125 237. (b) Yokoyama, T.; Tokoro, H.; Ohkoshi,
S.; Hashimoto, K.; Okamoto, K.; Ohta, Phys. Re. B 2002 66,
184111.

(20) (a) Davis, T. S.; Fackler, J. P.; Weeks, Mlnbrg. Chem.1968 7,

1994. (b) Doddrell, D. M.; Bendall, M. R.; Pegg, D. T.; Healy, P. C;

Gregson, A. KJ. Am. Chem. S0d.977 99, 1281. (c) Gerloch, M.

Inorg. Chem.1981, 20, 638. (d) Akesson, R.; Pettersson, L. G. M.;

Sandsttan, M.; Wahlgren, UJ. Phys. Chenil992 96, 150. (e) Kigk,

S.; Hartung, S.; Hurling, S.; Petermann, K.; Huber,RBys. Re. B

1998 57, 2203. (f) Krzystek, J.; Telser, J.; Pardi, L. A.; Goldberg, D.

P.; Hoffman, B. M.; Brunel, L. Clnorg. Chem.1999 38, 6129.

Moritomo, Y.; Kato, K.; Kuriki, A.; Takata, M.; Sakata, M.; Tokoro,

H.; Ohkoshi, S.; Hashimoto, Kl. Phys. Soc. Jpr2002 71, 2078.

The precise bond lengths of the LT phase were determined by

synchrotron radiation X-ray powder structural analysis. The two long

and four short MA-N bond distances are 2.26(2) and 1.89(3) A,

respectively, and the two short and four long-f& bond distances

are 1.89(2) and 2.00(3) A, respectivély.

(23) Naiman, C. SJ. Chem. Physl1961, 35, 323.

(21)
(22)

coordinate (mixed-valency mode) (black curve in Figure
11a). Piepho, Krausz, and Schatz (PKS model) and Prassides
studied this kind of diagram with two active modés.
Moreover, in this situation, the Mhcauses JahnTeller
distortion, and the energy of the Ma-Fé' has two minima

as shown in the configurational coordinate (Jafieller
mode) (gray curve in Figure 11a). In the present system,
Mn'" ions show an elongation-type Jakheller distortion.
These potential surfaces change as the temperature increases,
which causes a phase transition. To understand the obtained
results, the free energy changes of LT and HT phases were
analyzed. The LT and HT phases consisbafMn'"" (°B1¢)—
DanFe'(*A1g) and O:Mn'" (A 1g)—OnFe!" (3T,g), respectively.

The entropies due to the spin-multiplicities lead to a
crossover from LT to HT phases as the temperature increases.
Although the present compound does not show spin cross-
over, the entropy-induced phase transition is analogous to
the phase transition of spin crossover complex. The free
energies of the LT phas&(r) and HT phaseGur) depend

on temperature as described in eq 1. The LT phase consists
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G =H —ST (i=LT, HT) ) 5. Conclusion

of Mn''(°®Bg) and Fé(*Ag), and®Big has 5¢ 1 (orbital In summary, a temperature-induced phase transition in
degeneracyx 5 (spin multiplicity))-fold degeneracy arté g RbMn[Fe(CN}] (Tuz = 225 K, Ty = 300 K) was observed
has 1€ 1 x 1)-fold degeneracy, respectively. Consequently, with a large thermal hysteresis loop of 75 K. The charge

the degeneracy of the LT phase is=56 x 1)-fold. In 0 .
contrast, since the HT phase consists of'f#A;g) and transfer from MH to Fe'" accompanying the JahiTeller

| : : ) .
Fel(2T,y), and®Ay, has 6€ 1 x 6)-fold degeneracy and effect on the MH Ne'm0|ety explains thls.phase transition.
2T, has 6€ 3 x 2)-fold degeneracy, the degeneracy of the Recently, the photoinduced phase trensmen from the LT to
HT phase is 36€ 6 x 6)-fold. Therefore, their entropies HT phases has been also observed in this sy3térhese

(St and Si7) are St = RIn 5 and S+ = R In 36, thermally induced and optical phase transition phenomena
respectively. When the cooperative force between convertedare due to the bistability in the electronic state and the strong
sites, e.g., elastic interaction, is neglected, Afein this cooperativity in CN bridged 3-D structuré*'® Since new

phase trans_i'Fion iRIn (36/5)= 16.4 J Kt mol™. Fr_o_m eq building blocks for cyanide-bridged metal complexes are
1, the transition temperatur@ of the phase transition can  currently being prepared,various phase transition phenom-

be obtained bAH/AS Here,T; of this system is defined as  ena will be observed with cyanide-bridged metal complexes
Tp = (Toa + Ty2)/2 = 263 K. UsingT, = 263 K andAS= in the near future.

16.4 J K1 mol1, AH was 4.3 kJ molt. G, andGyr change

as the temperature increases and a phase transition occurs Acknowledament. The present research is supported in
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than theoretical values since the orbital contribution to the
entropy of F& in the HT phase becomes smaller. The
extended X-ray absorption fine structure data of the HT phase
shows a small distortion in the octahedral coordinates of (24) Tokoro, H.; Ohkoshi, S.; Hashimoto, Kppl. Phys. Lett2003 82,

IC030332F

i ich i iyt 1245,
metal ions, V\QDICh IS prc_)bablly dzue to the ”small contribution (25) (a) Beauvais, L. G.; Long, J. R. Am. Chem. So2002 124, 2110.
of LT phase'®® In this situation,?T» of Fe' is reduced to (b) Lescotieec, R.; Vaissermann, J.; Lloret, F.; Julve, M.; Verdaguer,
2B, ThenASandAH are changed t® In (12/5)= 7.28 J Xl- lngag- Chser?z'zo%%zldélé gggi- ((té)) geﬂ_nhettj l\i- Vé:élt-:’\r}lg, J. R.
-1 —1 1 . . m. em. S0 . mith, J. A.; ascare,
K~ mol ar_1d 1.9 kJ mol!, respectively, which are close J. R.: Cleac, R.; Sun, J. S.. Ouyang, X.; Dunbar, K. Polyhedron
to the experimental values. 2001, 20, 1727.
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