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The crystal structure of tarbuttite, Zп2(ОI-I)РО4
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Istituto di Minora!ogia doll'UIliversit,!:t di 1'orl1gia, Ita!ia

(Rocoivcd October 15, 196б)

Auszug

Tarb\lttit lшt dio Gittorkonstantcn а = 5,499 А, Ь = 5,654 А, с = 6,465 А,
сх= 102 о51', fJ = 102 о46', У = 86050'. Dio E!omontarzelle entllii!t z\voi Formo!-
einhcitcn ZIl2(OH)1'04. Rаuшgгuрре ist Р 1. Die Strl1ktl1r wl1rde аllВ 1'аИегsоп-
Projektionon llшl miHe!s statistiscllor Motlloden bestimmt. Dreidimonsionale
Verfeinerllng ШЬгt Z\l R = 0,12.

Dio Sal1erstoff-Umgebllng der Zn-Ionen ist eiIle паЬсzп rogo!miiL3ige trigoIlale
Вiругашidе шit dem duгсЬsсlшittliсЬеп АЬstашl von 2,04 А zwiscllen ZIl HIld О.
Die 1'04-Gr\lppe ist tetraedrisoll, шit 1,54 А als mittlorom АЬstашl 1'-0. Das
Geri.ist bestellt aHS zickzackformigon KetteIl von ZIl1-Коогcliпаtjопsроlуеdегп
liings der b-АОЬБе; diese KetteIl \VerdeIl VOIl oinzolnon 1'04 -Tetraedern \lnd von
Раагеп von Zn2-1'olyedern zl1sammeIlgellalten.

Abstract

Tarbuttito is triclinic, врасо grollp Г 1. ТЬо соП parameters аге: а = 5.499 А,
Ь= 5.654 А, с = 6.465 А, (х = 102051', fJ = 102046', У = 86050'. 'lЪсге аге
two fогшulа Hnits of Zn2(OH)1'04 рог ппit ссП.

ТЬс crystal stгш;tLlГе Ьав Ьооп so!vod [гош 1'atterson projoctions ашl
statistical mcthocls. Тhгее-diшепsiопаl isotropic least,-SЧl1агеs refinomcnt
yieldcd а fina! cliscrepancy index R = 0.12. 'lЪе arrangement of oxygeIls abo\lt
the Zn ions is а поаг!у rog\l!ar tTigona! bipyralllid \vith avorage Zn-O distances
of 2.04 А. ТЬе 1'04 сопfigшаtiоп is а reg\l!ar tetralledron witll а mеап 1'-0
bond !епgtЪ of 1.54 А. ТЬе framework consists of zig-zag cllains of Zn1 coorelina-
tion po!yllOdra a!ong b-axis (lirection, connected togot,llor Ьу c!iscreto 1'04
tetralledra аnc! pairs of Zn2 coorelination po!yhe(lra.

Introduction and crystal data

Tarbuttite was originally invcstigated Ьу SPENCER (1908) who
assigned the mineral to the triclinic system from morphological
studies. Later RICHMOND (1938) gave lattice constants based оп
x-ray investigation. Recently, as а preliminary to а structure analysis,
FANFANI and ZANAZZI (1965) reported diffractometer data and
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redetermined the lattice parameters ",-ith а new orientation of the
elementary сеН.

The uпit-сеН constants determined from rotation, Weissenberg
and precession photograplls, and refined Ьу application of the least-.
squares method to diffractometer data, are:

а = 5.499 А
Ь = 5.654
с = 6.465

<х = 102051'
fJ = 102046'

У = 86°50'.

The calculated densit,y for two units of Zn2(OH)P04 per сеН is 4.21
g' ст-3, in good agreement with tlle density 4.19 g . ст-3 given in
А.В.Т.М. card по 12-200.

Tarbuttite is assigned to tl1e centrosymmetrical space group Рт.
This assumption \vas confirmed Ьу the application of а statistical
test (HO\'1ELLS et al., 1950), Ьу absence of piezoelectric effects, and
finaHy Ьу the results of the structure analysis.

Experimental

The crystal used for tlle structure determination was а colourless
and transparent tabular fragment from Broken Нill, Rhodesia. Equi-
inclination multiple-film vVeissenberg photograplls were taken with
Ni-filtered СиК<хradiation. The crystal \vas rotated about the с axis
for recording intensity data of hkO, hk1 and hk2 layers. The Buerger
precession camera with Zr-filtered МоК<хradiation was used to obtain
hOland Oklintensity data. 1'he total number of independent reflections
collected was 496. Of these, 106 were too weak to Ье observed.

Integrated intensities were measured Ьу а Nonius microdensito-
meter. Ап empirical correction was applied for <x1,<x2-doubletresolution.
The F~kl were obtained Ьу applying the Lorentz-polarization соггес-
tions using t\VO programs \vritten for IBM 1620 computer (ALBANO
et al., 1963; САТАЮand ZANAZZI,1965).

Structure determination

Patterson functions P(xz) and P(yz) were computed from hOland
Okl data. \Vhile the interpretation of Patterson maps was being made,
а statistical method for the determination of the structure-factor signs
according to the procedure described Ьу DE VRIES (1965), was carried
out for the 23 strongest hOl reflections. Botl1 methods enabled us to
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Iocatethe Zl1 al1d the Р iOl1s app1'oxi111ately. 'I'11е pl1ases f1'o111а sot
ofstructure facto1's obtained Ьу 10catil1g the two Zl1 iопs al1d tl1C Р iOl1
inthe aSY111111et1'icpa1't of tl1e uпit сеН \V01'e thel1 иво(1 iп c0111putil1g
theFou1'ie1'ВУl1Ы1евевfo1' the е (xz), е(yz) al1d е (ху) p1'ojectiolls. 'ГЬе
oxygensites, 11a1'dly (letectable f1'o111the Patte1'soll 111арв, wo1'e tl1US
recognized.

Attllis stage the disc1'opallcy illClex R = L'IIPol-IFcII/L'IFоl, was
0.21.Fo1' the st1'uctu1'e-factor calculatiolls the sсаttО1'iпg-fасtо1' curves
~ven Ьу CROMER ашl УУARER (ННШ) \ve1'e used for I:n+2 ашl Р. ТЬе
scatte1'ing-facto1' valuos fo1' 0-1 a1'e tllOso 1'epo1'ted ill Illto1'llatiol1al
TabIesfor X-1'ay C1'ystallog1'aphy. The gelle1'al isotropic te111pe1'ature
factorВ was assu111ed to Ье 1.0 А2.

RеfiIlешеIlt

The 1'cfine111ent was carried out Ьу the least-squaros 111ethod using
аН390 obse1'ved 1'eflections; this presellted S0111e (lifficulties becausc
поabso1'ptiol1 corroctiol1 had Ьееll applied to the expe1'i111elltal data.
Thecalculatiol1s \vere pe1'for111e(1Ьу а11 IBlVI 1{j20 c0111pute1' prog1'a111
(ALBANO,BELLON, РОМРА alld SCATTURIN, 1963), usil1g tl10 foHowing
schemefo1' weigl1il1g the obse1'ved st1'ucture facto1'S:

ш(hkl) = 1/ (а + РО + cP~)

whereа is twice tl1e 111ini111u111obsorvcd F о and с is twice tlю 1'ecip1'ocal
ofthe maxi111u111obsorve(1 ро (CRUICKSHAKK et al., 1\)61).

Afte1' В0111е1'efil1C111elltcycles, whеп the ato111ic positiol1s 1'e111ail1ed
virtually Ul1сhапgеd, the coгrectiol1 fo1' secol1dary extil1ctiol1 erro1's
was int1'oduced, accordil1g to the sC111ie111pi1'ical fo1'111ula (HALL al1d
MASLEN, 1965)

и2 и2 1о, corr = .Г о, not curr ехр (Е с),

Thecor1'ectiol1 facto1' Е was esti111ated Ьу least-squares calculatiOl1 iп-
c!uding the strol1gest reflectiolls \Vl1ich sho\vcd extil1ctioll. Afte1' furthe1'
refinemel1t cycles tho R il1dex 1'eached а fil1al value of 0.12 fo1' аН the
obse1'ved 1'eflectiol1s.

ТаЫе 1 lists Ы1е observed апсI calculated st1'ucture factors. ТЬе
fina! coordil1ates al1d tho isot1'opic the1'111al pa1'ametors of поl1-еquivа-
lent ato111s a1'e showl1 in ТаЫе 2 togetl1e1' with tl1Cir stallda1'd devia-
tions.
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ТаЫе 1. Observed aпd calculated вtгисtш'е jactOl"s

10'1'.1 10'''с ь k 10"1',1 tO.p, Ь k 1°'IF.1 10'Р ь k 10'1',1 10" .о 1 2 1 -, 775
8" 5 -1 - 78 -2 6 2 190 -17'о 2 1195 -1168 1 ,

175 '22 5 2 531 552 -2 -6 2
"о J 211 226 1 _, 129 2" 5 -2 529 59'

, о 2 -12о , 812 8'0 1 5
'" 5" 5 , _ 88 J 1 2

'"
-'90о 5 -12 1 -5 'Оl -296 5 -} 78 , -1 2 310
'"о 6 '92 -67" 1 6 ,62 -328 5 , 290 -352 , 2 2 201 -1\6

о 7 125 120 1 _6 228 -202 5 -, '71 -506 J -2 2 -6\
1 О 2'1

'"
1 -7 211 266 -5 о _ 20 J J 2

7'1 1 - 20 -1 о '86 18' -5 1 52 , -} 2 Ш -JOI
1 2 J11 -37\ -1 1 6, -

"
-5 -1 - 98 , , 2

"1 , 299 ПО -1 -1 - 6 -5 2 - 62 , -, 2
"1 , 268 27' -1 2 "5 -"92 -5 -2 2"

_182 , 5 2 -90
1 5 16, -182 -1 _2 2J2 -284 -5 J -70 J -5 2 229 270
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-] -2 2 185 -н6
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"
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2 5
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- 18 _6 J
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"5 ",_2 2 611 -"'84 2 5 - 26 -, о 110 176 ,
-2 2 JJJ ,96_2 ,
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776 2 -5 _" о о 166 _166 , J 2 172 _168_2 , 287 2" 2 6 25' -218 о 1 12' '82
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"_2 5 '05 -616 2 _6
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16' 192 _2 6 126 -112 о -, 52 -1"-5 2 110 ~1)8
-, 5

'8
_2 -6 198 116 1 о 568 -541" -4 -6 2 JJ1

'"-, 6 278 :"'260 J о ,62 -)42 1 1 216 _188 5 о 2 _", О
"5
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1 ,
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ТаЫс 1. (Coпtiпиed)

'1 10'1',1 10.F(: h 10'1',1 10'Р 10'1',1 10-Р, Ь k 10'1',1 10-Р,
, DJ 102 4 О 203 -194 5 о 195 _160 О-1 178 _140

. О J 340 -386 -4 О 408 -466 -5 о - 96 О 2 307 294, о J 109 -140 5 о 332 з66 _6 О 11,8 216 О -2 384 340
-, О J 581 _644 -5 О 143 156 -7 о 72 -74 О 3 191 -а6, О J 169 148 _6 О 102 -142 О О 599 538 о -3 22' 172
-6 О J

_ 80 -7 о 115 -154 О 1 482 1.04. О -4 399 -3"4.1 о') - 4 О О )1' -280 О _1 5711 -4"2 О _5 139 _112
, О О 1'97 472 о 1 "8 -268 О 2 496 _442 о -6 404

3"
'1

О 348 -}40 0_1 288 232
[) _2 321 -272 1 о - 38

0-1 О 48' 446 О 2 54 о 3 339 -268 -1 О 292 256
О, О Н2 _4.4& О _2 266 224 о -3 618 508 2 О 338 -296
О., О 757 -85& о 3 )78 358 О

"
350 з06 -2 о 213 -172

О J 4 201 226 О _1 28У -292 U _4 зз6 326 1 о 641 -45"
D-J о 471 _484 о 4 - 84 О -5 )'jb -})4 -1 О 1., -142
. , ,

'Оl 356 О_,
U _6 285 -28[) _4 О 187 182

О., О 574 "0
[)

'5 '05 -31" 1 О 137 -112 -5 О lJ8 -152
05 О Ч9 _322 о -5 170 180 _1 О 21, О О 48,., 4 181 190 о _6 78 2

[)
-46 о 1 6

О, . 326 -290 о -7 - 1'. -- О 681 622 0-1 - 8
О.б О ]96 -'144 1 О ',72 4}2 1 О }80 332

()
-2 -38

D-1 . 177 _2()6
-1 О (,23 560 -1 о 455 47'. 0-3 1" -82

1 О ,
- 41, 2 О I.':;!, }')I'I '.

[)
11.7 -108 О -, 72

., О О )46 -340 о 11,
-'о О 40 1 О 132 -l1ч, О . 178 18/, 1 О 5!) -5 О 451, 528 _1 О 533 _408

., О О - 58 -, О 11.) 130 _6 О - 32 -. О )46 _248
J О . '00 154

"
О IIЫ~ 46() О О 211 -211, -, U 204 -158.) О , 1]9 _lЫ1

-'о О 1,(J7 5(,6 О 1 28Ь :;>I,{, о,. О 26/1 -2')2

ТаЫе2. Practioпal atorп'ic coord'iпates, isotTopic terпperatuTe factors and t7~e'iT
standa,rd deviations

Atoml х 104а(х) у 104 а(у)
1

z 104a(z) В а(В)

ZП1 .3866 6 .2481 5

I

.4923 6 .17 .05
ZПj .0278 б .7384 5 .1897 6 .05 .05
Р .8387 14 .2500 13 .2735 16 .20 .11

01 .7724 36 .9917 36 .1482 42 .18 .33
!\ .9357 37 .3867 36 .1287 41 .22 .33
Оз .6034 36 .3817 35 .3338 41 .12 .33

04 .9722 36 .7458 36 .5083 41 .25 .33
ОН .3661 37 .8850 36 .2990 40 .14 .34

Discussion 01 the structure

The lists of bond lengths and bond angles with their standard
deviations are included ln ТаЫев 3 and 4. The standard deviations

areestimated with Darlow fOl'mula (1961).

1.523 :1: .018 А Zn2-0, 1.971 :1: .017 А
1.530 .020 -02 2.009 .016
1.539 .020 -02' 2.072 .021
1.553 .022 ,-04 2.139 .021

-он 1.992 .019

2.004 .019
2.141 .017 ОН -01 2.769 .027
1.970 .019
2.147 .017
1.941 .019

Tablo 3. Bond leпgths аnсl their standaTd deviatioпs

ZП1-О3
-0з'

-04'
-он

-он'



01--Р -02 109.2 о
:1:: 1.2 о

01 0з 109.;)
" 1.1 о

01 0/ 111.70 1.0 "
02 0з 108.2 о 1.00

02 0/ 112.00 1.1 "
0з 0/ 106. Оо 1.2 о

Оз--Z111--0,/ 81.5 о 0.7 о
01-Z112- 02 121.40::!: 0.8'

0з 0/ 13;).8 о 0.8 о
01 02/ 99.7" 0.8'

0з ОН В6.6 о
0.7" О, 04 В1.7 о

0.8'
0з ОН' 101.4 о 0.80 01 ОН 110.6 о 0.70

О' О,' 87.0 о 0.7 о
02 0/ 77.1 о 0.703

О' ОН 176.3 0.70 02 О, 84.5 о 0.703
О' ОН' 98.7 " 0.7 " 02 ОН 128.00 0.703
0/ ОН 92.20 0.7 " 02' 04 161..50 0.60

О' ОН' 84.8 "
0.70 02' ОН 95.90 0.80J

ОН ОН' 122.50 0.8 о О, ОН 93.6 о 0.80
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ТаЫе 4. Лоп(l aпgle8 aпrl tll.eil" 8tапd(Ы'(l deviatioп8

1<'ig.1. PI'ojeet,ion along tlle Ь axis of t.he st,I'llеtПI'е



0з-0з' 2.708 ::!:: .058 А 01 --02 :~.471 -1. .022 А
0з-0/ :3.683 .027 01 0/ 3.090 .027
0з ОН :3.101 .022 01-0, 2.951 .027
Оз-ОН' 3.054 .026 01-0Н :~.258 .027
0з' -о,' 2.832 .025 02-02' 2.544 .052
0з' --он' 3.100 .022 02-0'1 2.791 .028
о,' --он 2.969 .026 02-0Н :З.;")!)5 .024
О,' -он' :~.429 .027 02' -он :З.019 .028
он-он' . 2.761 .056 о,-ОН :3.014 .027

The crystal stractllrc of tarb\lHite, Zn2(OH)PO, 327

Figure 1 shows the arral1gemel1t of the two molecules il1 the ul1it
сеll, projected alol1g Ь axis. 111 tlle structure there are il1depel1del1t
regular tetrahedral (Р04)-З complexes boul1d Ьу the coordil1atiol1
polyhedra of tlle Zn+2 iQl1s. ТЬе Р-О bond lengths, whose averagc
value is 1.54 А, are in good agreement \vith those obtail1ed il1 several
determined structures cOl1tainil1g discrcte phosphate iOl1s. ТЬе О-Р-О
angles, averagil1g 109.4 о, do l10t diffcr sigl1ifical1tly from tJle theoretical
value.

The Zl1 ions are bonded to five oxygell atoms lying at tlle corllers
ofа distortcd trigol1al bipyramicl. А similar coordillation Ьав already
Ьееп found il1 the mil1eral adamite (KOKKOROS, 1937). TIlC averagc
value for tllC Zll-O bOl1d lengths is 2'<)4 А.

ТаЫс 5. Соотdiпаtiоп-роlу7tсdта celgc lcпgt7ts aпd t7lCiTstaпda)'(l dCIJiatioпs

PO,-tetrahcdron edgc lengtl1s

01-02

01-0"
(\ -о.,'

2.489 :t: .022 А
2.502 .025
2.547 .028

02-0з

02-0,'
0з-0,'

2.487 == .028 А
2.558 .028
2.470 .026

Zn1-coordination bipyramid-o(lge
lengths

Zn2-coordination bipyrarnid-edge
lengths

1п ТаЫе 5 аге listed the о-о distaIlces ill the coordinatioll poly-
hedra. Tlle oxygen atoms show tlle following coordillation:

Z112 + Р,

2Zn2 + Р,

2Z111 + Р,

04 bOl1ds

ОН

Zn1 + Z112 + Р,

2 Z111+ Z112,

COl1sideratiol1s of electrostatic equilibrium aIld а study of tlle
distal1ces betweel1 ОН and surroul1diIlg oxygel1s, led иБ to locate ап
hydrogeIl bond betweel1 ОН al1d 01'
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