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Are vashegyite and kingite hydrous aluminum 
phyllophosphates with kaolinite-type structures ? 

DUNCAN McCONNELL 

The Ohio State University, Columbus, Ohio 432IO, U.S.A. 

SUMMARY. In contrast with some other hydrous aluminum phosphates, vashegyite is crystalline. 
Simultaneous application of several assumptions leads to the hypothesis that it has a structure analogous 
to that of kaolinite, and thus contains tetrahedral sheets, niX205], where X is both P and H3 (in lieu 
of Si). Thus, the theory involving [HxO4] is extended from phosphates with isolated tetrahedral groups 
[XO4] and framework linkages [XO2] to sheet linkages [X~Os]. Kingite also may have a kaolinite-like 
structure. 

ONE might assume, in view of the multiplicity of  minerals containing structural sheets 
n[Si~Os] ~-, that similar sheets n[A1POs] 2- could exist. One might assume further that 
protons might comprise an integral portion of such a sheet in order to produce 
n[HaPOs] ~- sheets, i.e. a sheet n[X~Os] 2- or n[XY05] 2- where X = P and Y = H3. 

In defence of such speculation one must consider the substitution in hydrogrossular 
[SiO4] ~ [H404], and in griphite [SiO4] by both [PO4] and [H~O4] (McConnell, I942). 
Further, one notes that such substitution takes place in the framework structure of  
analcime to give visrite (McConnell, I952), wherein there is sharing of four apices of  
[XO4] groups and substitution of X by P and H3. Thus, it seems reasonable to search 
for a phyllophosphate inasmuch as both orthophosphates with structures analogous 
to orthosilicates and a framework structure involving prominent amounts of Si -+ P 
and H have been recognized. 

Where does one look for such a mineral [hydrated phyllophosphate] ? There are 
several highly hydrated aluminum phosphates about which very little is known. Some 
of these substances are glassy--amorphous,  or virtually so, with respect to X-ray 
diffraction. 

I f  one were to discover such a substance that produced a reasonably good powder 
diffraction pattern, how would he recognize it ? Unfortunately, this necessarily requires 
the association of a series of  assumptions. Depending upon the degree of hydration, 
the density should be comparable with a clay mineral, i.e. less than 2-6, possibly as 
low as I-8. The mean refractive index might be expected to be between I '55 and 1.46, 
and the birefringence low to very low (0"02o to o.ooI). In the absence of iron, one 
would be interested in a white powdery substance, a microcrystalline aggregate 
resembling kaolin. At least one such substance occurs at Vashegy, Slovakia (t~SSR). 

Vashegyite--experimental data. Part of  the problem involves nomenclature among 
these poorly crystallized hydrated aluminum phosphates; discussion of this topic will 
be given in a separate paper. 
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We are accepting as vashegyite a portion of a specimen from the Roebling collection 
from the type locality, U.S. National Museum R 56I 7, which produces a diffraction 
pattern similar to that of British Museum ~9Io, IoI, a cotype specimen received from 
Zimfinyi. Its powder diffraction pattern (Table I) is distinctly different from other 
hydrated aluminum phosphates. It seems to be essentially a single crystalline phase, 
virtually devoid of impurities. 

Koch and Sarudi (I963) re-examined vashegyite from ~eleznik ( =  Vashegy); this 
report contains two electronmicrographs (at • 3o ooo and • 20 ooo), which are inter- 
preted as showing 'no crystalline structure'. Our interpretation, however, is different: 
these photographs show either growth layers or cleavage planes, which are steplike in 
nature, and thus imply micaceous characteristics. Their report includes a chemical 
analysis by Rdzsa, a d.t.a, curve, and refractive indices (n = t'544-I'547) as well as 
an indication that the crystallites have positive optical elongation. Combining their 
data with those of Ulrich (as reported by Koch and Sarudi, I963) yields tool. ratios 
A1203: P20 5: H20 approximately 2: I "5:12. 5. 

In addition to the very energetic inflection [endothermic] at about 2oo ~ (their 
fig. 2c), there is a small but definite exotherm at about 85o ~ The latter seems to be 
more or less characteristic of such substances, and supposedly represents the formation 
of A1PO4 [with the high cristobalite structure?]. This exotherm had a maximum 
inflection at 845 ~ for an 'amorphous allophanoid' containing iron and phosphorus 
(Levitskii and Vlasov, I965). 

The indexed diffraction pattern (Table 1) is then assumed to comprise pseudo- 
hexagonal sheets to give an orthorhombic structure comparable with kaolinite, thus" 

Kaolinite: 

a 5q6 b8"95 c7-42A ~9P7  ~ f l io5  ~ 9"9 ~ V33IZk 3 Z 2 

Vashegyite: 
2o'92 I9"82 I4"48 9 ~ 9o ~ 9 ~ 6ooo 32 
= 4 •  = 2 •  = 2 •  = I 6 •  

Using the formula proposed by Koch and Sarudi (I963), namely 

Ala(PO~)a �9 (A1OOH). 12H20, 

and assuming 288 oxygens (I6 x I8) per unit cell, we have the following comparison 
of structural sites: 

Kaolinite 18 O 8 H 4 A1 4 Si 
Vashegyite 288 277 (64) 44"3 (64) 33"2 P (64) 

The numbers in parentheses are the theoretical requirements for a simple replacement 
of Si by P in the kaolinite structure and adjustment of H to balance. 

Thus of the total sites for P, only about half appear to be filled, the deficiency being 
met by protons, and about 20 missing A1 atoms are similarly compensated by protons. 
A calculation of the density gives 

p = 1"66(288• I6+277•  I"008+44"3 • 26"98+33"2• 30"98)/6000 ---- 1"98, 

which compares with Zimfinyi's determination of I'964 (I9O9). See also Doelter (I9I 8). 
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T A B L E  I.  X-ray powder diffraction data for vashegyite 
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The structure is assumed to be o r thorhombic .  Da t a  represent  a composi te  of  pat terns  prepared by 
use of  filtered copper  radia t ion and  unfil tered i ron radia t ion;  spacing < 2"5o Zk were obta ined with 
i ron radiat ion.  In addi t ion to the spacings recorded, an uncer ta in  line was observed at about  I4"1 ,~; 
possibly it is either ooI or I IO, which should  have spacings of t 4 5  and  14"4 A, respectively. 
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Data on kingite. Kingite was described by Norrish et al. (I957) and was re-examined 
by Ka te  (197o). It  is similar to vashegyite except that it is triclinic and has an A1/P 
ratio of about 1"5. Thus it might be related to kaolinite in the following manner:  

Kaolinite a 5"I6 b8-95 c7"42/~ ~91"7 ~ /3 lO5 ~ V9 ~ V 3 3 1 A  ~ Z 2  
Kingite IO.OO 9"I5 7.24 A 93.6 ~ 98.6 ~ 86-8 ~ V 652/~3 Z 4 
Kaolinite 18 O 8 H 4 A1 4 Si 
Kingite 36 37"8 (16) 5"4 (8) 3'6 P (8) 

The numbers in parentheses are, again, the theoretical requirements for a simple 
replacement of  Si by P in the kaolinite structure, and, as with vashegyite, the number  
of  protons is almost equal to thrice the number of  vacant A1 and P sites. 

Kato calculated the density as 2"465, basing his model on Norrish's formula 
AI3(PO~)2(OH)3.9H20, with 40 oxygen atoms per unit cell. With reduction of the 
oxygen content  to 36 atoms, we have 

p = 1.66(36 • 16+37"8 • I.OO8 +5"4 • 26"98 +3"6 • 30"98)/652 = 2"23, 

which agrees better with the experimental value of 2"2-2"3. 
Discussion. We have discussed models for vashegyite and kingite based upon the 

structure of  kaolinite in qualitative terms; it remains to show quantitative data relating 
to comparisons of  calculated v. observed intensities. Undoubtedly a structural deter- 
mination involving the location of the oxygens would be most difficult for vashegyite, 
particularly because of distortion of the shared tetrahedra resulting from the very 
large number of  protons (277 H atoms v. 288 oxygens). 

In the case of  deuterated hydrogrossular, Foreman (I968) made a precise location 
of the deuterons by neutron diffraction, but this was for a highly symmetrical structure 
(Ia3d). I t  has been found, based on analytical data for the isotype of analcime (vis6ite), 
that x of  the (HxOa) tetrahedra is 3, rather than 4 (McConnell, 1952). 

The appropriate structural formulae proposed are: 

Vashegyite I6[(OH)s(P2.1Hs.v)(A12.sH3.6)O10] with A1/P = 1"33, and 
Kingite 2[OsHs.4(Pl.sH6.6)(A12.TH3.9)O10] with A1/P = 1"5, as compared with 

kaolinite: 

(OH) sSi4A14010. 
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