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STRUCTURAL FEATURES OF THE [(PtW6O24)2H5]
11–
  

PROTON-BOUND DIMER* 

A. A. Kuznetsova
1**, P. A. Abramov

1
,  

and M. N. Sokolov
1
 

As a result of crystallization from a solution containing Na5[H3PtW6O24] and Cs2SO4, yellow crystals of  

a complex are obtained. The composition and structure of the complex are determined by single crystal  

X-ray diffraction (XRD). The complex has the composition Cs8.1Na2.9[(PtW6O24)2H5]⋅8H2O (1). For the first 

time, a proton-bound dimer [(PtW6O24)2H5]
11–of two Anderson-type anions is found in its structure. Its 

phase purity is confirmed by powder XRD for a freshly prepared sample. Sample ageing leads to a loss of 

water molecules and a change in its crystal structure. 

DOI: 10.1134/S0022476622090098 

Keywords: platinum(IV), polyoxotungstate, crystal structure. 

INTRODUCTION 

Complexes of polyoxometalates (POMs) with noble metals are of great interest due to a unique combination of the 

reactivity of the polyoxometalate matrix and noble metal. For instance, in these complexes, it is possible to stabilize high 

oxidation states of noble metal that usually acts as an active intermediate in catalytic oxidation reactions. Moreover, the 

complexes of this type fit well into the development of the field such as single-atom catalysis [1, 2]. 

Platinum complexes with POMs are among the most understood [3-5]. The most abundant representative of this 

family is the Anderson-type anion [PtIVM6O24]
8– (M = Mo, W) (Fig. 1). We have recently demonstrated for the first time [6] 

the possibility of obtaining a trimetallic [Pt{Sb(OH)2}W5O22]
8– anion isolated as K6Na2[Pt{Sb(OH)2}W5O22] 

(NO3)0.1(OH)0.911H2O. During its synthesis the Pt(IV) cation wins the “competition” over Sb(V) for forming an Anderson-

type polyanion in its coordination sphere. This fact evidences a significant thermodynamic stability of the [PtW6O24]
8– anion. 

Thanks to the numerous works of Korean Professor U. Lee, two features of the behavior of [PtIVMo6O24]
8– anions were 

discovered: (a) the possibility of existing in the form of two isomers (Fig. 1) and (b) protonation of Pt–O–Mo bridging oxide 

ligands. 

α-[PtIVMo6O24]
8– has the point symmetry group D3d, while the β-[PtIVMo6O24]

8– symmetry decreases to C2ν [7]. 

There are significantly less structurally characterized examples of a less symmetrical anion. For instance, the heptamolybdate 

[Mo7O24]
6– anion is a characteristic representative of the family of these structures. In addition, β-[H2SbMo6O24]

5– [8] and 
2

4 2 6 18
-[(MoO )(O) (Mo O )]

−

β  were described as building blocks in the structure of (NH4)28Pr8Mo58O200⋅40H2O [9]. 
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TABLE 1. Crystallographic Characteristics and Details of the Diffraction Experiments for Complex 1 

Parameter 1 

Chemical formula Cs8.10H69Na2.90O55.80Pt2W12 

М 4701.97 

Crystal system Monoclinic 

Space group C2/c 

a, b, c, Å 20.8524(11),  14.3943(8),  20.7951(12) 

α, β, γ, deg 102.307(2) 

V, Å3 6098.3(6) 

Z 4 

μ, mm–1 31.99 

Crystal size, mm 0.23×0.19×0.05 

θ range of data collection, deg θmax = 26.4,  θmin = 1.9 

Intervals of reflection indices –26 ≤ h ≤ 25,  –17 ≤ k ≤ 17,  –25 ≤ l ≤ 25 

Reflections: measured / independent / with I > 2σ(I) 47435 / 6213 / 4673 

Refined parameters, restrictions 386,  0 

R(F2 > 2σ(F2)],  wR(F2),  S 0.058,  0.154,  1.13 

Δρmin / Δρmax, e/Å3 –3.46 / 2.45 
 

RESULTS AND DISCUSSION 

When a cesium sulfate solution is added to an aqueous solution of Na5[H3PtW6O24]⋅20H2O, a slow formation of 

yellow needle-shaped crystals of the Cs8.1Na2.9[(PtW6O24)2H5]⋅8H2O complex occurs. The crystalline product was 

characterized by single crystal XRD. A dry freshly-prepared sample has a high phase frequency (Fig. S2, Supplementary 

Materials). However, a long-term storage (for several months) leads to a loss of crystallization water molecules. The complex 

does not exhibit significant solubility in water even upon boiling and is stable in 1М sulfuric acid. 

Compound 1 crystallizes in the monoclinic crystal system (symmetry space group C2/c) with unit cell parameters 

a = 20.8524(11) Å, b = 14.3943(8) Å, c = 20.7951(12) Å, β = 102.307(2)°. The main building block of the crystal structure is 

the proton-bound [(PtW6O24)2H5]
11– dimer (Fig. 2). The asymmetric unit of the unit cell contains only one [PtIVW6O24]

8– 

anion; correspondingly, the inversion center is in the geometric center of the dimer. The main geometric characteristics of the 

anion are listed in Table 2. These data show a minor distortion of the {PtO6} octahedron with bond lengths being in a range 

of 1.999(13)-2.031(15) Å. The coordination sphere of each tungsten atom includes three types of oxide ligands which 

noticeably differ in the W–O bond lengths: for W=O the respective distances are in a range of 1.696(15)-1.773(14) Å;  

d(W–μ2-O) = 1.901(16)-1.984(16) Å; d(W–μ3-O) = 2.095(13)-2.305(12) Å. 

The interdimer space is filled with solvated cations and crystallization water molecules. The Cs and Na cation 

positions are mainly disordered (except for Cs1) and overlap with each other in a chaotic manner, which indicates the 

possibility to obtain solid solutions in the cation sublattice with a rather wide substitution interval. As a result of the structure 

refinement by LSM, 8.1 Cs and 2.9 Na per formula unit were found for a specific crystal. Two most ordered Na+ cation 

positions (50% occupancy) are very close to the central part of the dimer (Fig. 2). This indicates the size correspondence of 

the vacancy between two [PtIVW6O24]
8– anions and the Na+ coordination sphere. In turn, this indicates the difficulty of 

complete substitution of all sodium cations in the crystal structure of this type. 

Within the [(PtW6O24)2H5]
11– dimer, five shortest distances between the oxide ligands of the neighboring anions can 

be distinguished, which correspond to five strong hydrogen bonds (Fig. 3). Four such contacts link the bridging oxide ligand 

in Pt–O–W and the terminal oxide ligand in W=O (two contacts at an O…O distance of 2.545 Å and two contacts at an O…O  
 



 

o
 

d

li
 

oxyg

dista

igan

gen 

ance

nds a

O

O

O

O

O

O

O
No

atom

e of 

at a 

TAB

Bo

O1–

O2–

O3–

O3–

O4–

O4–

O5–

O5–

O6–

O6–

O7–

O8–

O9–

O9–

O10

O10

O11

O12

O13

O13

O14
ote:W
m), W

2.53

dist

BLE

ond 

–W

–W

–W

–W2

–W

–W6

–W

–W6

–W

–W2

–W2

–W2

–W2

–W3

0–W

0–W

1–W

2–W

3–W

3–W

4–W
W=O
W–

39 Å

tanc

 

E 2.

1 

1 

1 

2 

1 

6 

1 

6 

1 

2 

2 

2 

2 

3 

W2 

W3 

W3 

W3 

W3 

W4 

W3 
O bo

–μ3-O

Å), u

ce o

 Ma

ond
O bo

uniq

f 2.6

ain G

d len
onds

quel

635 

Geo

ngth
s are

y in

Å. 

F

o
so

met

s ar
e in 

ndica

Thi

Fig. 

of co
odiu

tric C

e in
bol

atin

s m

2. [
omp
um c

Cha

1

1

1

1

1

1

2

2

2

2

1

1

1

1

2

2

1

1

2

2

1
n ital
ld (μ

ng th

eans

(PtW
plex 
catio

aract

Len

.751

.719

.973

.916

.901

.954

.305

.298

.175

.095

.725

.773

.951

.924

.255

.286

.770

.735

.104

.164

.984
lics 
μ3 is

he pr

s tha

W6O
1, 

ons 

teris

ngth

1(16

9(16

3(15

6(16

1(16

4(15

5(12

8(13

5(14

5(13

5(15

3(14

1(16

4(15

5(12

6(12

0(14

5(15

4(14

4(13

4(16
(ox

s the

roto

at th

O24)2
the 
are 

stics

h 

6) 

6) 

5) 

6) 

6) 

5) 

2) 

3) 

4) 

3) 

5) 

4) 

6) 

5) 

2) 

2) 

4) 

5) 

4) 

3) 

6) 
xyge
e bri

on p

he p

2H5]
pol
occ

s of 

en is
idgin

osit

roto

]11– d
lyhe
cupi

the 

s ter
ng o

tion.

on is

dim
edral
ed b

Asy

rmin
oxyg

. Th

s dis

mer in
l mo
by 5

ymm

nal),
gen 

he fi

sord

n th
odel

50%

metr

, W–
atom

fth c

dered

he cr
l; th
. 

ric u

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O
–μ2-
m).

cont

d ov

rysta
he p

unit o

Bon

O14–

O15–

O16–

O17–

O17–

O18–

O18–

O19–

O20–

O21–

O21–

O22–

O22–

O23–

O24–

O5–P

O6–P

O10–

O13–

O18–

O21–
-O b

tact 

ver t

al st
posit

of th

nd 

–W4

–W4

–W4

–W4

–W5

–W4

–W5

–W5

–W5

–W5

–W6

–W5

–W6

–W6

–W6

Pt1

Pt1

–Pt1

–Pt1

–Pt1

–Pt1
bond

imp

two 

truc
tion

he [

4 

4 

4 

4 

5 

4 

5 

5 

5 

5 

6 

5 

6 

6 

6 

1 

1 

1 

1 
d len

plie

pos

ture
s of

(PtW

ngth

s th

sitio

e 
f 

W6O

hs ar

e hy

ons w

O24)2

re u

ydro

with

2H5]

unde

ogen

h an 

]11– D

erlin

n bo

equ

Dim

L

1.9

1.7

1.7

1.9

1.9

2.2

2.3

1.6

1.7

2.1

2.1

1.9

1.9

1.7

1.7

2.0

2.0

2.0

2.0

1.9

2.0
ned (

ond b

ual p

mer (

Leng

966(

743(

724(

924(

935(

296(

302(

696(

751(

130(

168(

937(

952(

749(

701(

031(

012(

026(

006(

999(

020(
(μ2 

betw

prob

(Å)

gth

(16)

(16)

(16)

(16)

(15)

(13)

(13)

(15)

(16)

(14)

(14)

(16)

(15)

(17)

(16)

(15)

(14)

(12)

(14)

(13)

(14)
is th

ween

babil

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
he b

n tw

lity.

1

bridg

wo μ

 Str

487

ging

μ3-O

rong

7

g 

O 

g  



1

 

c

P

c

(

th

b

p

p

a

p

d

1488

catio

POM

cryst

d(O

he o

both

prese

plan

anion

proto

deve

8 

on d

M su

talli

O17–

oxid

h wa

ence

e. T

ns [

on-b

elopm

disor

urfa

izati

–O6

de li

ater 

e of 

In 

The p

It 

[10] 

boun

men

 

rder

ace 

ion w

W) 

gan

pos

f def

the 

posi

is n

in w

nd [

nt of

r sug

for 

wate

= 2

ds b

sitio

fects

cry

ition

notew

whic

[(PtW

f the

 

gges

ch

er m

.644

bond

ons 

s. 

ystal

n of 

wor

ch t

W6O

e ch

sts t

harge

mole

4 Å)

ded 

(O5

l stru

dim

rthy 

the p

O24)2

hemi

the e

e co

ecule

); th

wit

5W 

uctu

mers

tha

prot

2H5]

istry

exis

omp

es), 

he se

th pl

and

ure, 

 wit

at in

tons 

]11–

y of 

stenc

pens

whi

econ

latin

d O6

[(Pt

thin 

n the

are

dim

thes

Fig

Fi

ce o

satio

ich c

nd is

num

6W)

tW6

a la

e st

e mo

meric

se co

g. 4

ig. 3

of de

on. 

can 

s bet

m are

) in 

O24)

ayer

truct

ost l

c an

omp

. Ps

3. Hy

efec

The

be s

twe

e pro

the

)2H5

r is s

ture

ikel

nion

poun

seud

ydro

cts in

ere 

suita

en μ

oton

e str

5]
11–

show

 of 

ly lo

n is 

nds.

do-la

ogen

n th

are

able

μ3-O

nated

ruct

– for

wn i

init

ocate

stru

. 

ayer

n bo

he ca

 tw

e for

O(Pt

d fir

ture 

rm p

in Fi

tial 

ed o

uctur

rs in

onds

ation

wo s

r thi

t–O–

rst, 

is 4

pseu

ig. 5

Na5

on th

rally

n the

s wit

n su

shor

is. T

–W)

it is

40%

udo-

5. 

5[H3

he o

y de

e cry

 

thin

ubla

rt c

The f

) and

s O2

%, w

-laye

3PtW

oxid

escr

ystal

n [(P

attice

onta

first

d a w

21 th

whic

ers o

W6O

de lig

ibed

l pac

PtW6

e. In

acts 

t one

wate

hat 

ch d

of th

O24]⋅2

gand

d fo

ckin

6O24

n th

(b

e is 

er m

shou

does

he A

20H

ds o

or th

ng o

4)2H

his c

etw

betw

mole

uld 

s no

AAA

H2O 

of Pt

he fi

f co

H5]
11

ase,

een 

wee

ecule

be p

ot gi

A…

the

t–O–

irst 

ompl

–. 

, the

the

en μ2

e (d

prot

ive 

 top

ere a

–W 

time

lex 

 

ere s

e br

2-O(

d(O2

tona

an 

polo

are 

coo

e. T

1. 

shou

ridg

(W–

21–O

ated.

una

ogy (

only

ordin

This 

 

uld 

ging

–O–

O5W

. Ho

ambi

(Fig

y m

nate

ope

be a

 ox

–W) 

W) =

owev

iguo

g. 4)

mono

es. T

ens 

anot

xide 

and

= 2.7

ver,

ous 

) ori

omer

Thus

new

ther

lig

d a w

707

, the

ans

iente

ric 

s, in

w pr

r pro

gand

wate

Å). 

e occ

swer

ed in

[H3P

n ou

rosp

oton

ds a

er m

Giv

cup

r ab

n th

PtW

r wo

pects

n on

and 

molec

ven 

ancy

bout 

he [1

W6O2

ork,

s in 

n the

the

cule

that

y of

the

110]

24]
5–

, the

the

e 

e 

e 

t 

f 

e 

] 

– 

e 

e 



p

C

poss

Chem

1. 

2. 

3. 

4. 

5. 

6. 

7. 

ibili

mist

A.

L. 

N.

20

P. 

A.

40

A.

M

U.

Th

Th

ity t

try, 

Th

. Wa

Zha

. V. 

0120

Puta

. V. A

03. h

. A. 

. N.

. Lee

 

he w

he a

to ca

Sibe

he au

ang,

ang,

Izar

0275

aj an

Any

https

Mu

 Sok

e an

work 

autho

arry

eria

utho

 J. L

, Y. 

rova

50 

nd F

yush

s://d

ukha

kolo

nd Y

 

k wa

ors 

y out

an B

ors d

Li, a

Ren

a, M

F. Le

hin, 

doi.o

ache

ov. I

Y. Sa

s su

are 

t the

ranc

decla

and T

n, W

M. T

efeb

P. A

org/1

eva, 

Inor

asak

uppo

gra

e sam

ch, R

are t

T. Z

W. Li

. Po

bvre

A. A

10.1

V. V

rg. C

ki. C

orted

atefu

mpl

Rus

that

Zhan

iu, A

ope, 

e. Co

Abram

1134

V. V

Chem

Chem

d by

ful t

le ch

sian

t the

ng. N

A. W

and

oord

mov

4/S0

Volch

m., 2

m. Le

F

w

y the

to th

hara

n Ac

ey ha

Nat.

Wang

d U

d. Ch

v, A

0036

hek,

2020

ett., 

Fig. 

withi

e Ru

he M

acter

cade

ave 

 Rev

g, an

U. Ko

Chem

A. L. 

6023

, V. 

0, 5

198

5. A
in a 

ussia

Min

rizat

emy 

C

no c

v. C

nd T

ortz

m. Re

Gu

3617

V. Y

9, 2

84, 1

Arra
pse

an S

AC

nistr

tion 

 of S

CON

con

Chem

T. Zn

z. An

ev., 

ushch

7040

Yan

2116

13, 

ange
eudo

Scien

CKN

ry o

usi

Scie

NFL

flict

R

m., 2

nahg

ngew

201

hin,

002

shol

6-21

129

emen
o-lay

F

nce 

NO

of S

ng t

ence

LIC

ts of

REF

2018

g. N

w. C

11, 2

, C. 

7 

le, N

20.

7-13

nt o
yer.

FUN

Fou

WL

Scien

the f

es. 

CT O

f int

FER

8, 2,

Natl. 

Chem

255,

Vin

N. B

http

300

f [(P

 

NDI

unda

LED

nce 

faci

OF 

teres

REN

 65-

Sci

m., 

 164

ncen

B. K

ps://d

. htt

PtW

ING

ation

DGM

and

litie

INT

sts.

NC

-81.

. Re

Int.

42-1

nt, an

Kom

doi.

tps:/

W6O2

G 

n (gr

ME

d H

es of

TER

CES

 http

ev., 2

. Ed

1685

nd M

mpan

org/

//do

24)2H

rant

ENT

Highe

f the

RE

 

ps://

2018

d., 2

5. ht

M. N

nkov

/10.

i.org

H5]
1

t No

TS

er E

e Mu

STS

/doi

8, 5

2012

ttps:

N. S

v, A.

102

g/10

1– d

o. 19

Educ

ulti-

S 

i.org

5, 65

2, 51

://do

Soko

. L. 

21/ac

0.12

dime

9-73

cati

-Acc

g/10

53-6

1, 9

oi.or

olov

Gus

cs.in

246/c

 

ers 

3-10

on 

cess

.103

72.

9492

rg/1

v. Ru

shch

norg

cl.19

027

of t

s Ce

38/s

http

2-95

0.10

uss. 

hin, 

gche

984

7). 

the 

enter

s415

ps://

10. 

016/

J. I

E. 

em.9

.129

Ru

r of 

570-

doi.

http

/j.cc

Inorg

Ben

9b02

97 

ssia

f the 

-018

.org/

ps://

cr.20

rg. C

nass

2898

an F

Ins

8-00

/10.

/doi

011.

Chem

i, P.

8 

Fede

titut

10-

109

.org

.01.0

m., 2

. A. 

erati

te o

1  

93/n

g/10

030

201

Abr

ion 

f In

sr/n

.100

7, 6

ram

1

for 

orga

nwy0

02/a

62, 3

mov, 

489

the

anic

077

anie.

397-

and

9

e 

c 

. 

-

d 



 

1490 

8. A. Ogawa, H. Yamato, U. Lee, H. Ichida, A. Kobayashi, and Y. Sasaki. Acta Crystallogr., Sect. C: Cryst. Struct. 

Commun., 1988, 44, 1879-1881. https://doi.org/10.1107/S0108270188007073 

9. A. M. Fedoseev, M. S. Grigor′ev, A. I. Yanovskii, Y. T. Struchkov, and V. I. Spitsyn. Dokl. Phys. Chem., 1987, 297, 477-

479. 

10. V. W. Day, J. C. Goloboy, and W. G. Klemperer. Eur. J. Inorg. Chem., 2009, 2009, 5079-5087. https://doi.org/ 

10.1002/ejic.200900873 

11. U. Lee, A. Kobayashi, and Y. Sasaki. Acta Crystallogr., Sect. C: Cryst. Struct. Commun., 1983, 39, 817-819. 

https://doi.org/10.1107/S0108270183006460 

12. G. M. Sheldrick. SADABS: Program for scaling and correction of area detector data. Germany, Göttingen: University 

of Göttingen, 1996. 

13. G. M. Sheldrick. Acta Crystallogr., Sect. A: Found. Adv., 2015, 71, 3-8. https://doi.org/10.1107/S2053273314026370 

14. G. M. Sheldrick. Acta Crystallogr., Sect. C: Struct. Chem., 2015, 71, 3-8. https://doi.org/10.1107/S2053229614024218 

15. C. B. Hübschle, G. M. Sheldrick, and B. Dittrich. J. Appl. Crystallogr., 2011, 44, 1281-1284. https://doi.org/10.1107/ 

S0021889811043202 

 

 

 


