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Abs'L'ruct. The crystal structure of kukisvumite, a rare
mineral frOTHKola peninsula, Russia, has been refined in
the Pecn sp.ace group with X-ray single-crystal data to
R :::;. 0.055, Kukisvumite, ideany Na6Z[lTi.j(Si206).~(1'f
,4 H20, h,1s a:::c29.029(4) A, b::c 8.595(1) A, c ::c

and Z:::, 2. crystal structUre is closely re..
lated to that of 1intisite~ the latter mineral is obtained from
kukisvumite through the substitution Zn2+ + 0 ""

2 Li+.
In the Pcen space group an average structural model is
realiz.ed, resulting in columns of half.oc.cupied [Zn041 tet-
rahedra and in zig-zagchains of half.{xcupied Na-cen-
tered octahedra. The actuaJ structure of kukisvumite would
imply a concerted ordering of zinc and sodium in neigh..
bour cells. The polysouw,tic relationships of knkisvumite
with the minerals of the Untisite family are shortly out-
lined.

Introduction

Kukisvumlte was described by Yakovenchuk, Pakhomovs-
kii and Bogdanova (1991) from an ad\edsonite-microdine
pcgmatih~ vein in the Kukisvumtsdmrr deposit, Khibiny
alkalinf massif, Kola peninsula, Russia. Microprobe ana-
lyses of kukisvumitegave the foHo\ving simplified chemi.
ca! formula: NaanTi4Sis02s' 4 FhO. The chemica! com..
position of kukisvmniteis very s.imilar t.o that of Untisite,
a mineral newly descrihed from the nearby l,ovozero mas-
sif (Khomyakov, PoIezhaeva, Merlino, Pasero, 1990; ~1I.1er-
lino, Pasero, Khomyakov, 1990). The chenlical fmmlJla of
lintisite urn be written as NasLi21'i.jSigOn.4 H20, that
the two minerals are related by the simple substitution
Znh + 0 = 2 Li+.

The unit ceH parameters of the two minerals are also
closely relatc4 in spite of the different crystal systems, and
the X-ray powder patterns are almost identical in aU the
strongest lines.

It M'-emedlikely that dose S1:!1JCturalrelationships exist
between kukisvumite and linitisite, 111ereforewe undertook
a structural study of kukisvumite from the type locality to
clarify its relationships with Entisite. A pl'eliminar:vaccount
of the basic structural features of kukfsvumite has heen
shortly outJined by JferUno and Pasero (1997). In this pa.
per a fun description of the kukisvumite structure is given.

Experimental

Preliminary Wl~issenberg photographs taken on selected
crystals of kukisvumite contirmed the orthorhombic sym-
metry and the space group Pecn. The fiDl!owingunit cen
parameters for the crystal eventuaJly chosen for the inten-
sity daw collection (dimensions OA4 x 0.06 x 0.02 mm)
were refined at the four-circle diffractometer: a

"'""

29JJ29(4), b
'"

8.595(1), c,,, 5.209(1) A.
The inteusity data set was collected with a Siemens

fom-cirde difi'mctometer. Operating conditions were the
foJJowing: mom temperature, 50 kV, 40 mA, MoRa,
;,

= (J,71069 A, scan mode tJ 261, scan sJx>.ed 2"!min,
maximum 2()

''''' 50'", -1 :::;h ::; 34, --I :::;k:::; 10, -1 :::; I
::; 6, refinement canied out against squared structure am.
plitudes 0138 independent reflections) with SHELXL-93
(Sheldrick, 1993) computer package, absorption effects ac-
counted for through XABS2 (Parkin, Moeni, Hope,
1995).

Structure refinement

On the ba.<;isof the reasonable hypothesis that kukisvi.l1Dite
,;,'as stmcturaHy wery similar to hntisite, a starting set of
fractional coordinates for kukisvurnite was obtained on the
tmsis of the monoclinic stucture of lintisite,which has an
approximately psew:lo-mthorhomhic metric (B ''C;; 91 by
taking into account the different origin and space group
symmetry. The site occupancy factors of some atoms were
lowered on the basis of crysta!.dtemica! considerations.
Thercfore a zinc atoms with 50";\:;occupancy was placed
in the same site which is occupied by lirhium in lintisite.
Moreover, also the occupancy of Na2 atom. was fixed at
50%" because the space group Pcen resulted in two in-
compatible equivalent pllsitions for Na2, 2.(0)\.. apart. For
the same reason, \ve fixed 50% occupancy for the water
molecule, too: owing to the different syrnUl.ettyin kukis.
vumite there are two independent, half occupied sites,
081 and 082, instead of a single 08 site in Iintisite, The
fun occupancy at those sites, too, would have implied
SOllie additional impossiNe interatomic distances, e.g.,
1.02.A between 08land 082.

Such a structuraJ model was refine.d smoothly. The ii-
nal reliability indices for thee anisotropic model wexe R1
(conventional R factor) 0:"0.055 fur 588 reflections with



Ti 0.005(2) OJI04(2) 0.00!(2) O.OOO(1) 0,001\2)
Sij 0.005(2) 0,006(2) -(WO!(3) O,Gft{)(2) 0,0(20)

S""> 0.OO6{2) O.007m 0.008(2) 0.000(3) .-0,001 (2) 0.001(3)..1..
lon (W24(4) (),025(4) 0,022(4)

"
0 GOOH4)\)

Nal 0.O20{4) iJ.Ol2(4) 0.0!3(4j ._,OOOt(4i u,OJ:X)1(4) ,,0.OOl(4)
NiL? 0,030(10) 0,042(t n 0,022(9) "O.OOH9) 0007(9) u,00090 1)
Oi 0004(6) (WI 1(6) 0.mO(6) O,O{)3(7) ~O.OOJ(6) "O.O03(7)
02 0.008(7) 0.003(6) O,O~2(n ,0005(7) 0.002(6)
03 0OO6(6) OD13(7) G'{XJ9(8) 0.005(6) O.l)0l(5)
04 0.007 (7) 0,009(7) O.O50(!O) -(WO!{7) 0.OO2(iS) 0,006(6)
05 0004(7) O.fK)7(7) ()'o06(6) o.oOH6) ()'oOO(5) ,,0002(5)
06 O.OJOcn 0.009(7) 0.0!4(8) 0009(6) 0.001(6) 0.002(6)
(}7 0.006(6) O.mJ6Cn O.OO8(6) --0,00H7) 0.OO2(5) ..0.005(6)
08t 0.004( 14) 0.O:Bf!6) O.(J210 6) O,OO8(21) 0.003(12) --0.OO7(16}

082 OJJC'9(4) G.cJ3908) 0.027(8) -0.005(5) IlOC'3(18)

Crystal structure of kukisvumite

F" > 4([(1",,) and (U46 for all 1138 reflections, ,vR2.
(weighred R factor on 1"2)= 0.148; weighting
scheme "'" + (O.0531P)2+ O.OOf'j, where P '"[Max(F,,2, 0) +

The maximum and minimum electron density maxima
in the final djJference Fouri.er synthesis were H167 and
--0.64 eiA3, with aU major positive electron density maxi-
ma in the sUITOI.mdingsof 081 and 082. Owing to the
disordered nature of kukisvumite the hydtogen atoms were
induded in the refinement in calculated positions, and the
relevant:O--H and H, . .0 distances were constrained to
reasonable values during the refinement.

The final fractional coordinates and displacement para-
meters for kukisvurnite are listed in Table L Selected bond
distance:>are given in Table 2, and are compared with the
corresponding dist..'tncesinlintisitc. The valence bond bai..
ance is reported in Table 3.

Table b. Findt'1-,u;tiona! coul'dirmtesand displacement
rneters for kukisvlJ.Dl:lre; e..s.d.1s are given in parenthese:1'i an.d H)

the hUiit.dlgit

Ii
Sit
Sl2
Zr.r'
Nal
Ntt2r1

01
02
03
04.
05
06
07
081"
082"
HI';

H2'"
H3"
.1'14""

(L5830(1)
0.4863(2)

0.8450(4)
O.84t8Cl)
0, 1484f 6)

0.i322(7)
0.7887(9)
0.0514(9)
o 791{2)
0,623(2)
0.786(3)
0.050(3)
0.754(3)
(W06(2)
0539(3)
0.939(3)
G,825(2)
0.793(2)
G,934(5)
U28(6)
0,80
0.94
1.24
1.04

0.0055(8)
0,005(!}
0.0071! )
0,024(2)
00[5(2)
0,O:W4)
0.009(3)
0.007{Ji
0.009(3)
0,022(4)
0006(3)
O.O!10)
G.007(3)
0.016(6)
G.025{7\
0.05
(},05
0.05
(},05

0.7500(7)
OA652(4)
C),464I(4}
(L622J(4 )
(U917(4)
0,8879(4)
0.6398(4)
0.5420(4)
0,7922(8)
0.7965(9)
0.792
0.825
0.797
0.828

059H2)
0.763(!}
OmHU
0.00(0)
1J080)
0.&2(0)
0.2740)
0.8,33Oi
0,851(4)
0.849(4)
0.93
0.81
0.95
0.85

._--------------- --~ ~~

Table 11:1-)I.nisntwpic disphcemel1t ptmnneler" tinT kukisvumite.
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Fig. I, The structure of kllkisvmnite, as seen along [001]. The
unit cdl is The <:omJinlttion of Na2 is sk,:[c!Ji,t!only twice,
to avoid confusion with the atom ,abels, which ane in keeping with
rhe (r",;1ionai cex'mJin,lres,}f Tahk l.

Oescription of tbe structure

The structure of kuki:svumite (depicted in Fig. 1) is closely
related to that of lintisite (Merlino, et at, 1990). An coor-
dination polyhedra are similar in the two structures
T~\bJe 'I'he titanium is odahedrally coordinated by six
oxygen atoms, the octahedra giving fise to chains
through &haring of The titanium atoms occupy ec-
centric po&ltiom within the coordination polyhedra. The
two independent silicon atoms occur within tetrahedra ar-
ranged in pyroxene-like chains, having 0"..0--0 angles of
171" (Si1 chains) and 1620 (5i2 chains). Zinc i&in tetrahe-
dral coordination as well. Unlike lithium in !intisite, in



02 0.72 1.07 (US [,94

03 0.85 1.01 0.23 2-09

04 1.18 );03(Y":; o.n"" 0.13°,.5 L"J6
2o..29n5 0.\605 0,1"1°.5

05 0.99 0.18 0.19°.5 2J)8
0.73 0,17°.5

06 0.95 0.10 2.05
0.90 010

07 0.45 1Ji2 0.16 Z05
0.42

081 0.28 ---0.13 006
(UD --0.19

082 026 ..-0.11 0.06
0_08 -0.17

L,J! 4,16 3.97 4,04 1.18 1.20 L05
-------~----~----------------..........................................._......................-......-.......
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Tahk2a. Bond lengths in kukisvumH,,'. T11ecorresponding dis-
tances in lintisite (J\&:dino, d aL, t990) are reported for the sake (If
comparison.

Ti polyhedton
05
03a
05b
02c
07b
07d

Sit polybedrun
02e
07d
01
01b

Si2 polyhedron
04a

03"
06b
06e

Zn poJyhedwn
04f
04fi
04g
04b

Na] polyhedron

03a
01h
OSci
Old
02i
06j
0&
01k

---0)

Na2 poi.yhedron
OW
OB2m
04g
04a
OSb
082n

klikis\'umite Jillti,!te

1.gZ(t)

1.87CO
.I,93U',
1.94(1)
2.] ~O)
2.13(1.)
L968

1.807(3)
1.874(3)
1.923(3)
1.956(3)
2.1 16(3)
2..141(3)
i_969

1.60(] )
1.62(1)
I.M(,)
L65(i)
.1.628

L597{3)
L628{3)
1.(380)
I.Ji48(3)
!-628

1.56(1)
L62(i.)
.64(11

L66(i)
J.622

1..653(3)
1.663(3)
1.633

2.15(1)
eLi-polyhedron)

2,013(7)
2.0.13(7)
2.()!4(6)
2.0.14(6)
2.014

2.15(1 )

2.16(1)
2.16(j )

2.154

2.34(1)
2.42(1 )
2,4.}(1 )
2.4-7(1)

2.355(4)

2,49(1 )
2.65(1 )

2.500(4)
2.58W3)
2.649(3)
2.687(3)

2.51.4

2.69(1)
2.5'9

2;,26(3 )
2.29(4 )
2.46(2)
2.4-8(2)
2.66(4)
2.72,(4)
2.481

2.32H4)
2.328(4)
25.13(3 )
2,513(3)
2 638(4)
2.638(4)
2.493

which columns of edge-dlaring (Li04J tetrahedra occur, in
the case of kukisvumite every second tetrahedral site is

'. This is related to the electrostatic vaknee balance.
having a doubled charge with respect to Li +-, and is

accmnphs.hed, as stated above, by setting 50% occupancy
at the z.inc in close agreement with the chemical com..
position of kukisvumite. Of the two sodium atoms,NaI is
eight-fold coordinated by ",jght oxygen:>, Na2 is octahed..
rally coordinated by two oxygen atoms and tour \va1:<:".r
molecules [Na02(I'bO)4J, giving rise to zigzag chains. In
this latter case, too, the occupancy of sodium (Na2) and
water molecules (081 and 082) is halved.

Therefore 11~eonly major difference is the presence,'in
kukisvumite, of a zinc and sodium slab, instead of a
lithium and sodium slab as in Jimisile. Tbese two structur..
al units are compare-d. in Fig. 2.

S. Merlino. M. Pasero fimJ O. Ferro

Table 21>, Distances
kl.lkiwumite.

0-11 0...0
distance

0.-[-1---0
distance angle

OSl water molecule
081..HI .. .04
081...H2 .. 05
Hl...081--.H2 angle

3.02c:n
2.79(3)

104

{)82 water molecule

08Z---H3 . . .04"
082-- H4 ..,05
HJ--082---H4 aagh::

1.04
UJ.I

3.10C:])
2.84(3)

178
158
105

The half.occupancy of some atoms (Zn, Na2, 081,
082) in tbe structure of kukisvumite means tbat the real
symmetry of the mineral is!O\ver than Peen, and that the
average structure only can be assessed in this space group,
in which two different, although geometdcaHy equivalent,
confi!,'1Jrations are in superposition, In the actual structure
either of these two configurations occurs at every single
unit celL As an hypothesis, the possible ordering of the
two conligurations should give rise to the doubling of the
b celT p.arameter. However, car:-~fulinspection of long-ex-
p()sed Weissenberg photographs, and of a numher of se-
lected area ek'Ctron dithaction pattems, did not provide
evidences of long-range ordering in kllkisvumite, There-
f(}re the disordered model better describes the real :>truc-

ture of the mineral.
It is worth noting that, unlike the other cations, the

average (Zn-O) distance is significantly longer than ex-

l'Uble 3, Bond valence baiaoce given in cenventiona] v~"ience units
(v,u.) and compUted according to Bres,: & O'Kee.JJe (1992). The con-

trihution of hydrogen bonds ha.'; been compmed followkg F,~rrarL<;&

lv".ldi (1988\ Lei'l: and right ~;I"pemcript;, indicate the nmnk,. (If'
equivalent honds for ,~i'tch cation :!md ,mch anion, respectively.

Ti
--------...............

Sil Na 1 NaZ

01 OS5
0.93

0.19
{W9

2..16
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2b

-Flg~ 2.. P(Jssib1e orde~'i:ng rne.chanbaTi within the zilli>,~{xJhrm s~ab in

Iwkhvumiw, whki:: would: result in tn.: dO;Jbllng of the b axh (a),
and the HrbilltlH,odlum slah in Emhire (0), [HiD] p",1,ieefons, See text

for e:)(p~anation.

peeted h)f tetrabedra!!y coordinated The distance
computed according to the ionic rad~i Shannon (1976)
should be 1.96 whereas it is actuaHy 2, 1:5A in kukis-
vl.lmite,resulting in a low bond valence sum for Zn (1,18
~nsteadof 2 V.U.,cf, 11!bIe3), The explanation of th~sbe,
haviour lies in the partial oCt:upancy at the Zn site: the
f,weragestructure of kukisvumite consists of columns of
50q~ {}ccupied [ZnO;.] tetrahedra, in the actual
structure there~s alternation along [001] of completely
mled and empty retrahedra, The former shmltd therefore
be srnaUer, and the latter larger, This behaviour implies
that the oxygen (04) moves from the empty sHe towards
the Zu,mJed sile, and accounts tor the high displacement
parameters of 04, as well as of 081 and 082, which cot-'
respond to water molecules,

Polysomatic description of kukisvumite

Merlino and Pasen} discussed tbe linti,ite polyso-
matic family starting from three basic strllcturaJ modules,
denoted as L [N2",1i;(Sh06h06L S'LNazLhSL;{1ji{j,4 Hi)],
and Z [(Na,K)ShAJOj\

, 2 H20]: by stacking such modules
singularly, or in regularly alternating pairs, six different
polysome;;; were described, corresponding to the structures
of the mineraLs lorenzenite [L N::\4Ti4(Siz06h06; Sund-

lonmleuite (ram~3yitej
",,(11,(Si,o).,O,

t-

..
/It."

, \.

\
\\ vhwgr'ftdo\'ite

\~~a;~NiJi,KJn~(SV\!/Si!AH\)O,t~Hi)

\l.Z
,

/
.I

i~ Si >:lt;z hyp"lhctkaJ pl-Hlse
IJ.YP<Jthetk:1I phase (Nrc,K)Si,AiO:2H,O

N~;:{~N~,K)U5V), !Sj~l\tO~)"6H/):

'\

Figb 3. The three
sew (997), and
somes.

rnoJeh introduced by ;'vbdino and P~I"
ideal chemical t(xmulae of the resdtlng pdy.

berg, Lehtinen, Kivekas, silinaite
, Si40n

'

4 H20; Grice, I lintisite [LS: Na6Li2;
~ Ti4(Si4()(:L)4{)4 . 4. H2.()~ "~1erhnot eT aL~ 1990L vino.,

gradovite [1.Z: Na.,(Na,K)Ti4(Si2(),}z(Si,AI0g)(\\ 2 I-hO;
Rastsvetaeva, Simonov, Bdov, 1968; Ra,tsvetaeva and
Andrianov, 1984; Kalsbeek and Rii}Osbo, 1992J, plus the
two hypothetical structures Z [(Na,K)Si3AIOg , 2 H20] (a
zeolite-like stmcture) and S2 INa:1(Na,K)LbS~40W
, (5iy,\108) ,

6 H20!

In this picture kukisvurnite can he described as formed
by alte11lalion of the same L modules which occur in linti-
;;;ite and in lorenzenite and of a modil'ied Smodu!e (here-

after K module) with zinc instead of lithiurn (with formula
Na2ZnS~40jiG

'

4 H20).
Although in kukisvumite the stacking sequence is the

same as ~n the related structure lintisite, a different layer
group symmetry fDr the K ruoetule, is observed
with respect to the layer group syrmnetry of the S module,
P( l)2Iicl. The polysomatk formula of kukisvumite can be
wr~tten as LKMoreover, it is poss~ble to hypotbesize two
other structures, which should t'epresent variants of the
above-mentioned polysomes, namely the Zn analogue of
siEnaite and the hypothetical structure KZ
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