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THE SURFACE OF AN IDEAL CRYSTAL OF ALUNITE
IN MATHEMATICAL CLOSE-UP.

Part I1. Localization of surface ions and a map

of local electrical charges of the surfaces 1011

BERNADETA ANDRUSZKIEWICZ
Warsaw University of Technology, Lukaasiewcza St. Nr 17, 09-400 Plock (Poland)
(Received 21 August 1990)

ABSTRACT

By means of computer techniques and on the basis of X-ray diffraction parameters of an
ideal crystal of alunite and of coordination regularities resulting from these parameters,
determinations were made, pointwise, of the excess electrical charge of the surface 1011, the
equation of which was found by optimization according to criteria of a minimum total charge
or to the minimum sum of absolute charge values.

In many transformations involving crystalline substances, such as, for
instance, reactions of thermal decomposition, processes of chemisorption
and adsorption reactions on solid catalysts etc., the surface state of a solid
substance on the molecular scale is of great importance. On this scale the
mathematical description of the quality and distribution of surface ions is
possible and seems to be reasonable. In the first part of this work [1] we
obtained, by means of computer calculations, repeat sets of surface ions of
type K*, AI’*, SO;~ and OH~ while specifying the qualities and quantities
of voids in their coordinating polyhedra for the equation of the plane 1011,
which is the external plane of a model crystal

Xcosa+YcosB+Zcosy+ PE=0

where cos a = 0.81806, cos 8 =0.47231, cosy =0.32817 and the distance,
PE, of the plane from the origin of the cartesian coordinate system is 42.703
A. This set is shown in Table 1.
The aim of this work was _
to find all possible planes of the famiiy 1011 (with the same directional
coefficient but with different PE values) possessing different sets of
surface ions of the type K*, AlI’*, SO?~ and OH™
to calculate for each of these planes the set of local electrical charges
resulting from incompleteness of coordinating polyhedra of surface ions
and, eventually

0040-6031 /91 /$03.50 © 1991 — Elsevier Science Publishers B.V.



36

-KoueseA UOT JO 1 XaPUI 2y} 0 Suiproooe eipaykjod Suneurpiood FUIPaadINS UL SPIOA JO SIFQUINU 3Y) UIALS are (w ‘u) sesoyiuared uy |
‘m Kq IeJ pue sasso1d Aq payIew uonoeidnul HO-IV
z Kq IeJ pue Yoe[q prios Aq payiew uonoeIdul OS-IvV
A Kq 1B} pue s10p £q paytew uohdeINul HO-N
x Kq I8} pue sop[i Aq payiew uonoeIiul OS—N
:SMOJJOJ S& P3YIBW UOTIOBISIUI UOI-UO]

CL=U Y SELL=2 ‘Y 96'9 =D 219Uym ‘0= PE+ PPPA/UEPID — DE+ PN/ pOZ + DE+ NUv\,\&w + D€+ NuvK»\m\Gk :uonenbs suelqg ,

80LT 1+ (1°'0) HOXT € -HO 14
¢ v, A@N‘ ‘ 17 % ‘ w v,
wiri— (0D 'osSx1 & wirt+ (I'D*osx1 & 9 -z0S €
9-01— T DIvxI % ﬁ 9 +eIV [4
69v8°C— (0'DAXI 89v8°T+ (0'DAXI [4¢ D, 1
(y) suerd (y) suerd ssoyds
Y} woij [oquiks [oquiks ay) woyy » [oquAs [oquiAs :o:h:?oouu suor
adueIsiq ore1qadly ydein Jouelsi(] ore1qaSIy omdein) ) h.EBE «o.
suot soejans (—), [10T 2ueld suot adeyns (4 ), [T0T 2ueld _mwmbv. pury 1

AU 197p°0 101938 pHJ ‘[1] suot 109)ap a0rjINS jJo Auenb pue Auend
147dVL



37

-soueld (—)add pue (+ )24 'SuOl 08NS JO 135
‘sauejd ( ~)9ad pue (+)g3d ‘SuUol dEBINS JO 13§ a
“(Joumut [e15A19) g4 Iorowered jo uonoun) e se SUOI [10T JO 19§,

U 99$§°T 101935 aueld
O0=4d ~ASODZ + {00 { +0 S0 ¥
uonenba aueyd sy ur g4 191ouwrered ayy Jo uonoduny € se SUCE [[Qf JO S1aS ' Fig

{07059

& (om0t

{0 vZHOEI NS

{sioquis  odaebio |
SUOY 9ID33NS 40 435

g (208VY -~ F -~ 29801~

727059 A - 12000 - |
=~ 94800+ ]

—10991+4

u0s - 3unid
BIUDSIP

3]

7694 23d

"

5%

9y

L9

99
¥'3d

L=y
(01N — =~ — 6560t 09 T VU g - zlsclamqom 0%
" LHO9-- - ==~ wEFOT] |,
SHOZE e - 228419
(017059 - -~ 1E907 a 3059 ==~ = -~ 6881
»
» « L 29
=
(Z1Iv9+ — = 06460~ 1 3 (¥9 == - - = - DEOLZ7
& g * + e
=3
q3d
0zt a3d
,m {11105y {59104 o1 Ew.?\\. 33
(FOHODZI - ~GILE0+1 1M R Ti wm\bmf;ﬁ/]& d
JHO9 == = == TS Pid
gy ey °3d
{01IA9 + -~ GLEG+ L Imnoi.vmﬁ.u_ .... L e p— 664559 1l
9 |
y ‘N 29
_HD9 =~ - - ~48159%1
v HOZ! G
SHOLE e o710,
3059~~~ - - LZ8IL%" 434
sjoqwAs aioJ4gabio = 134
fst : uot - 3unid & T8
SUGT 3ITYINS 3O §BS Bumstp ¥'d e

g D



38

vz/v0s =13/bIz
vT/v0s — =2/b%

vz/v0s =13/b|x
$T/p0S + = 2/b%

U~ =TX9-— (0 ‘D *0S9 Y T6vTE -
61— =WI+DXTX9— D *0s9 Y 11201~
91— =1+ XTI~ (1 ‘D HOTI Y €v98°0— v+ = (T +yD XTI+ @ Diver Y 8TIL0+
wi—=QQIXT+DX9— (‘D HOY Y 69920 U+ =@+IXEX9+ (€ ‘©) M9 v 8IIL0+
v 18£8'vb = 24d
vz/09¢ =12/bI% vz/09¢e = 1a/bIX
v2/09¢— =2/b% ve/09€ + = 2/bg
- =TX9- (0D *089 Y SLEST—
6L— = (T+p1)Tx9— (D) "0s9 Y €60€£°0— 00€ + = STXTI + 1 ‘Divet Y SETT L+
91— =1+ XTI~ (1‘DHOTI Y 97$1°0— 09+ =@XT+TIXEX9+ Te)M9 Y SETP T+
V y9Tl'vy = pAd
ve/9ee =12/bIZ ve/9ee = la/bIZ
ve/iL— =2/b3 ve/i+ =2/bx
TI— =TX9-— (0D *0s9 Y £00€T— TET—=T1IXZ1— (1 ‘0) HOZ1 Y 9v80°0 +
TEL+ =1IXTX9+ 0 1v9 Y 79811~ 891+ =PIXTL+ o‘Diva Y L0991 +
61— =PI+ TIXTX9— (Z '2) "0Ss9 v 12L00— 9+ =TXEX9+ (0 ‘e) M9 v L099°T +
Y 2688°€y = 2dd
vz/ove =12/bI% vz/ovr =13/bIX
vZ/91T+ = 2/bZ vz/912— =2/bg
T+ =TX9+ (0D M9 Y 656L°€ — 96— =WI+)X9— (1D *0s9 Y IS91°0+
- =TX9-— (0D *0s9 Y 0£90'C— TEL— =1IXTI— (1 ‘0 HOTI Y 81Z€0+
91T+ = (TT+PI) X9+ @ 'D1v9 Y 06¥6°0— U+ =TX9+ 0D 9 Y 6L68T+
Y 0259'€y = 99d
2/b X T suol 1101 woij 2/b xvpT suot 1101 woiy
q uw.m.mﬂo [B8o111091q AJEJING moﬂwﬁwqﬂ q uwuwﬂu [8311139T ajejIng wuynwwwmﬂl—

¢dT1dVL



39

*Suol Jo d81eyd [eow}dd[d b 28reyd uonoIP (2

q
AU 9966’7 J0309s Jueld |,

vo/obt =12/bi
vo/91T— =3/b%
T+ =TX9+
EL—=11XT1—
96— =@WI+7)x9—

yr/9¢e =1la/bIT

vo/iL+ =a/bx
89T+ =PI XTI+
9+ =TXEX9+
EI—=11XTI—

vz/09¢ =1la/b|xX
vz/09¢ — =2/b%

00€+ = (IT+¥D XL+

05+ =@XT+TXEX9+

vz/v0s =12/b|ZT
$T/905 + =3/b%

W+ =@+YxEX9+
e+ =TT+ XTI+

0D M9
(I ‘0) HOZ1
(1°1) YO0S9

0 ‘DIver
0 ‘©) M9
(1 ‘0 HOZ1

(t‘viver
(T ‘©) M9

(€€) M9
@ Divu

v STLET-
V €96L°0—
¥ $6€9°0—

Y 9099°1 -
Y 9099'1—

Y S¥800—

°

Y el —

°

YV yeTr'i—

°

¥ 00000—
¥ 00000

vz/ovt =1la/bIx
vZ/91C+ =2/b%

91T+ =(IIXT+PIIX9+
- =TX9-
I+ =7TxX9+

vr/9ce =12/bI%
ve/tL— =3/bxg

61— =WIL+DXTIX9—
TEL+ =TIXTX9+
- =TX9—

vz/09s =la/blxg
vZ/09¢ — =2/b%

91— =(1+7)XT1—
WBI—=GI+T)XTX9—
TL— =TX9-—

vo/vos =la/bIx

YT/v0s — = 2/b%
vri—=@T+Ix9—
91— =(I1+)XTI—
6l— =PI+ XTX9—
- =TX9—

@ DIvY Y ShLYO+
(0D *0s9 Y 9885°1 +
0D Y PIZEE+
Y T266°Ly = 1dd

€D *0s9 Y T7L00+
T0Iv9 Y €981+
(0 ‘D *0s9 Y $00€T+
Y SOITLYy = ¥ad

(1 ‘D HOTI Y LTST0+
(T D) *0s9 Y $60€°0+
(0D *0s9 Y 9LEST+
Y €€L6'9Y = Fdd

(‘D HOY Y L8L60+
(1 ‘D HOtt YV I9LS'T+
(T D) *0s9 Y 8TELT+
0D "0s9 v 0196°€ +

Y 66vS°'Sy = JAd



40

to choose the plane whose sum of local electrical charges is the smallest.

By means of the program “SURFACE” in conjunction with the program
“ALUNITE” [1], eight parallel 1011 planes with different sets of ions have
been found (Fig. 1a). Such configurations are repeated periodically as the
values of PE increase (or decrease). For reasons of order, in the programme
SURFACE one of the cycles (7.5d < PE < 8.5d) was chosen, where d =
5.6937 A, and calculations were made of the quantities and qualities of voids
in the coordinating polyhedra of surface ions, determined with various PE
values, of eight sequential parallel 1011 planes designated PEb, PEc¢, PEd,
PEe, PEf, PEg, PEX and PEi.

The sign (—) was used to designated the variant in which, from the center
of the coordinate system, there occur in turn: volume of crystal, surface 1011
and lack of solid.

Fig. 2. Localizations of surface ions of PEb(+) plane.
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, from the center of the

Results of calculations are shown in Table 2 and, partly, in Figs. 1b and

1c. Localizations of surface ions are given in Fig. 2.
only bonds of the same length can correspond with the same formal

the ionic charge is completely balanced by interaction of the nearest
electrical charges.

As the basis of calculations of local charges external to an ideal crystal,
neighbors

the following assumptions were made:

The sign (+) designated the variant in which
coordinate system, these occur in turn: lack of solid, surface 1011 and

volume of crystal.
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Fig. 3. Maps of local electrical charges of plane PEb(—).
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For basic aluminum—-potassium sulfate with the alunite structure, the above
assumptions lead to the equations

for K* 6x+6y=1
for AI’* 4w +2z=3
for SO~ 3x+3z=2
for OH™ 2w+y=1

in accordance with determinations reported in Table 1.

Solution of the system of equations gives the formal charges dependent on
each type of void in the coordinating polyhedra: x=2/24; y=2/24;
z=14/24; w=11/24, thereby allowing calculation of the local (¢) and
total (2|¢| and |Zq|) charges of each possible plane 1011 (Table 2).
Comparison of the results leads to the conclusion that, among all 16 possible
mathematical 1011 planes, the planes PEb(+), PEi(+), PEb(—) and
PEi(—) have the, so-called, most probable sum of absolute values of local
charges (£|q|) or—in other words—the least number of non-saturated
bonds. Because PEb(+) is the same as PEi(—), PEi(+) is the same as
PEb(—), and PEb(+) is the same as PEb(—) but differs in sign, all these
four mathematically possible planes signify only one actual situation where,
to keep electrical neutrality of the crystal particle, each section, for instance
PEb(+), can correspond to (on the other side of the particle) the plane
PEb(—). More non-saturated bonds, although better balances within the
plane of local charges, are exhibited by planes PEc(+), PEc(—), PEA(+)
and PEA(—). The distribution of local charges on the optimal plane PEb
and the projection of potential non-saturated bonds on this plane are shown
in Fig. 3.

CONCLUSIONS

We have calculated the formal charges corresponding to interactions of
each pair of neighbor ions in alunite; these charges are: g(K-SO,) =2¢/24;
q(K-OH) = 2¢/24; q(Al-SO,) = 14¢/24; q(Al1-OH) = 11¢/24. _

It has been shown that there are 16 mathematically possible 1011 planes
with periodicity defining four different situations, while their optimal plane
has the equation

0.81806x + 0.47231y + 0.32817z — PE=0

where 41.5889 A < PE < 43.8171 A.

The total amount of non-saturated bonds of the optimal surface 1011,
calculated as the sum of absolute values of local charges, is 10e on the
surface section of 2.5566 nm?.
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The density of the electrical charge of the optimal surface 1011, calculated
as the sum of local charges, is 9¢ on the surface section of 2.5566 nm’.

The plane 1011 with the smallest density of electrical charge, amounting
to 3e for each 2.5566 nm?, has the equation

0.81806x + 0.47231y + 0.32817z— PE=0

where 43.8171 A < PE <43.9738 A or 41.4322 A < PE < 41.5889 A; how-

ever, the total amount of non-saturated bonds of this plane is up to 14¢ for
each 2.5566 nm’,

Use of the program ALUNITE allows all the above characteristics to be
obtained rapidly for any modified lattice constants of alunite and for any
Miller indices describing the external planes of the crystal.
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