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SYNTHETIC CUSPIDINE

A. VeN Ver.rorqeunc,q,No G. F. RvNoBns, National
Bureau of Stand,ard.s, Washington, D.C.

Anstnecr

Cuspidine (3CaO 2SiOz CaFz) can be synthesized hydrothermally, from crystallizing

melts, and by solid state reactions. Efforts to substitute hydroxyl for fluoride ions

in the cuspidine structure were not successful, and this suggested that custerite,

3CaO'2SiOz Ca(F,OH)z may not exist as a minerai Synthetic cuspidine is monoclinic,

opt ical lyposi t ivewith indicesof  refract ionof  a:1.591,  P: l '596,andt : l '602 (+ 003).

The extinction angle measured from the c axis is 7o. The specific gravity was determined as

3.05. Cuspidine melts congruently at approximately 1410' C. at atmospheric pressure. On

prolonged heating cuspidine alters to y2CaO . SiOz with the escape of silicon tetrafluoride.

Powder r-ray data, a differential thermal curve and an infrared spectrogram are given.

INrnooucrrox

Cuspidine (3CaO 2SiOz'CaFu) was obtained as a hydrothermal reac-

tion product in experiments designed to substitute fluoride for hydroxyl

ions in a calcium hydro-garnet. The optical properties of this synthetic

cuspidine corresponded to the natural mineral described by Scacchi in

1876. The material was found in ejected blocks of metamorphosed lime-

stone at Vesuvius [1]. The natural crystals had a characteristic spear-

shape and were referred to by Scacchi as cuspis, the Latin word for spear'
hence the name cuspidine. Figure 1 shows natural cuspidine crystals from

Vesuvius having the characteristic spear outline. Cuspidine has been

synthesized by V. V. Lapin [2] in1944, who identified the material from
reaction products formed in electric welding slags; by C. E. Til ley [3] in

1947,  who s intered CaCOs, SiOz and excess CaFz at  1140'C. ;  and by
McCaughey,Kattz and Wells [4] in 1948, from melts consisting of CaO,

CaFz and SiOz.
In 1913 Umpleby, Schaller and Larsen [5] described a mineral with

essentially the same composition as cuspidine except that it contained
some hydroxyl groups, and they named the mineral custerite. The opti

cal indices reported for custerite were significantly lower than those
found for cuspidine, and this seemed strange, for it is well-known with

silicates that the indices of refraction increase when a hydroxyl replaces

a fluoride ion. Tilley [3], in his exceilent work on cuspidine' seriously

doubted the existence of a hydroxyl-bearing cuspidine (custerite) as de-

scribed by Umpleby et al., and he showed quite conclusively from r-ray,

optical and chemical data that cuspidine and custerite were one and the

same mineral. Through the courtesy of Dr. George Switzer of the U. S.

National Museum, the authors obtained a specimen of custerite from

Custer County, Idaho, and found that it had essentially the same f-ray
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Frc. 1. Natural cuspidine from Vesuvius. Maenification 50X.

and optical properties as cuspidine. Since no one had attempetd experi-
mentally to replace fluorine by hydroxyl in the cuspidine structure, it
was decided to study the hydrothermal reactions of mixes corresponding
to cuspidine, with and without fluorine. The investigation was carried
on at the National Bureau of Standards as part of a larger program of
fluorine substitution in hydroxyl silicates under the sponsorship of the
Office of Naval Research.

ExprtrnrpNrAl WORK

Crystallizations from M elt

Cuspidine can be readily synthesized from a melt having the composi
t ion in  weight  per  cent  of  CaO:45.9,  SiO2:32.8 and CaFr:21.3.  This
composition corresponds to the formula proportions and it melts con-
gruently under a vapor pressure of f luorine. Platinum crucibles were used
in all experiments to avoid contamination of the charge as fluoride melts
are quite corrosive with refractory materials. For practical considera-
tions cuspidine can be crystallized from a melt in air, as the vapor pres-
sure of the fluorine melt is quite low at elevated temperatures. Usually a
platinum cover is placed over the crucible to lessen the escape of volati le
constituents. Synthetic cuspidine melts at 1410' C. * 10o as determined
by the well-known quench technique. A variation of this technique was
employed to obtain reproducible results. The quench technique requires
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the use of small samples of 0.1 gram or less to ensure quick freezing when

the sample is dropped from the furnace into the quenching medium. This

technique does not work well when a volati le conslituent is present, as

slight losses greatly change the bulk composition of smail samples. Con-

sequently, large errors are introduced in determining the melting tem-

perature. With the use of large samples of a gram, or more, one can

minimize this diff iculty and slight losses do not appear to alter the bulk

composition. The quenching of a large sample, however, wil l not produce

uniform conditions of freezing rvithin the charge. For example' a melt

T E M P E R A T U R E ,  O C

Frc. 2. Difierential thermal curve of synthetic cuspidine'

when quenched wil l form a glass at the interface of the container and the

glass wil l grade to crystall ine material towards the center, where cooling

is siower. Quenching at successively lower temperatures wil l decrease

the proportion of glass to crystall ine material, and by carefully analyzing

the frozen surface adjacent to the container wall by means of a petro-

graphic microscope, one can establish the temperature of crystall ization

within one or two degrees centigrade.
A differential thermal analysis of synthetic cuspidine crystall ized from

a melt was made to determine the possible existence of high temperature

polymorphic forms. Figure 2 is the differential thermal curve which was

made at a heating rate of 12" per minute in a conventionai apparatus.

The temperatures indicated in this figure and elsewhere are ail given in

degrees centigrade. There is no indication of a phase change occurring

belore the endothermic break at 1405", which agrees satisfactori ly with

the melting temperature obtained by quenching.

Figure 3 is an infrared transmission spectrogram of synthetic cuspi-

dine crystall ized from a melt. The spectrogram was made by pressing

powdererl cuspidine with powdered potassium bromide into a clear
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W A V E L E N G T H  I N  M I C R O N S

Frc. 3. Infrared spectrogram of synthetic cuspidine.

transparent peilet. The scanning instrument was a double beam spec-
trometer. The major absorption peak occurs at a wavelength of 10.3
microns and it is attributed to the stretching moments of the Si-O bonds.
The second absorption peak occurring at 11.7 microns has not been
identified.

II yd rolhermal S ynthesis

A series of hydrothermal experiments were made to synthesize cuspi-
dine in the presence of water vapor to determine the possibil i ty of sub-
stituting hydroxyl for f luoride ions. The apparatus used in these experi-
ments was of the "cold seal type" developed by personnel of the Geo-
physical Laboratory. The reaction products were identified by x-ray
and microscopic techniques. The raw batch materials consisted of cal-
cium carbonate, sil icic acid and calcium fluoride of reagent grade com-
pounded in formula proportions. Compositions corresponding to cuspi-
dine were prepared by mixing and grinding together the above con-
stituents in stoichiometric proportions. Cuspidine has the molar ratio
o f  C a : S i : F : 8 : 4 : 4 .  T h e  r a t i o s  w e r e  8 : 4 : 4 ,  8 : 4 : 3 ,  8 : 4 : 2 , 8 : 4 : 1 ,  a n d
8:4:0, with the l:st being equivalent to a hypothetical hydrous end
member of the series. These mixtures were treated in the presence of f ive
to ten per cent of water in sealed platinum capsules at temperatures from
500o to 700" C. at 20,000 psi. The experiments lasted from 3 to 7 days.
The results are summarized in Table 1. The major phase in composi-
t i ons  8 :4 :4 ,8 :4 :3 ,  and  8 :4 :2  was  cusp id ine  w i th  seconda ry  phases  o f
0-CaO.SiO:  and 6CaO.3SiOr 2HzO. Smal l  amounts of  ca lc i te  were ob-
served in the composition 8:4:2 at 500o and 600oC. and probably repre-
sent uncombined material. The major phase in composition 8:4:1 was
6CaO'3SiOz.2HzO with cuspidine next in abundance. Small amounts of
CaF2 were also observed in this composition. fn composition 8:4:0 the
compound 6CaO 3SiOz.2HrO constituted the major phase with minor
amounts oI y-2CaO SiOr present. It was observed that when the fluorine

z

F

s



,SYNTIIETIC CUSPIDINE tt99

content  of  the batches was reduced,  as in  composi t ions 8:4:3,8:4:2 and

8:4: 1, there was a reduction in the amount of cuspidine and p-CaO ' SiOz

and a corresponding increase in the amounts of 6CaO'3SiO2'2H2O' L

synthetic cuspidine prepared from a melt, when treated at 800' C' and

20,000 psi in the presence of water vapor for four days, produced a large

percentage of CaO SiOz and CaFz. This indicates that the upper hydro-

thermal stabil ity range is near 800o C. at 20,000 psi. In all the experi-

Tarl-o 1. Hvlnornrnua.t CusnntNn ExlrnnrnNrs at

20.000 psr ron 3-7 D,tvs

composition- --1ry:1:l
Ca : Si: Ir 500' 600' 700'

8 : 4 : 4 Cuspid,inea
B CaO SiOz

6CaO 3SiOz 2H:O

CusPid'ine

0 CaO SiO:

Cuspid.ine
F CaO SiOz

8 : 4 : 3 Cuspidine
p CaO SiOz

6CaO 3SiOz 2H:O

CusPid,i.ne
B CaO'S iO:

CusP'i.d.ine
0 CaO SiOz

8 : 4 i 2 Cuspid,ine
B CaO SiOz

CaCOr

CusPid.i,ne
F CaO SiOz

CaCOr

CusPid'ine
B CaO SiOz

6CaO.3SiOz.2HzO

e . 1 . 1 , 6CaO 3Si'Oz'2EzO
Unidentified Phase

CaF2

6CaO' 3Si'Or ZHzO 6CaO' 3SiOz' 2HzO

Cuspidine CusPidine

B CaO SiO: CaF:
CaFr

8 : 4 : 0 6CaO 3SiOz 2HzO

7-2CaO SiO:

6CaO' SSiOz zHrO 6566' J$iQ2'ZHzO

7-2CaO SiO: 7-2CaO SiO:

x Underlined item indicates major phase.

ments where cuspidine formed in the presence of water vapor, the r-ray

powder patterns and the indices of refraction for this compound re-

mained constant and were identical to cuspidine crystaliized from melts.

These results appear to confirm Tilley's observations that hydroxyl

groups are not a constituent part of the cuspidine structure; and the

authors wish to join with him in discrediting the mineral name custerite'

and they suggest the name be dropped from the l iterature'

Solid, State Synthesis

Th ree  compos i l i ons ,  8 :4 :4 ,  8 :4 :3 .  and  8 :4 :2 ,  we re  hea ted  i n  a

crimped platinum envelope in the absence of water at 1000o C' and



I2OO A. VAN VALKENBURG AND G. F. RVNDERS

atmospheric pressure for 22 days. solid state reactions occurred. The
8:4:4 composition resulted in the formation of cuspidine with minor
amounts of  B-CaO'SiOr and 7-2CaO.SiOz.  Decreasing the amount
of fluorine in these experiments resulted in increased formation of
7-2CaO 'SiO:. Cuspidine was also synthesized by solid state reactions
using a hot press technique. The raw ingredients were first compressed
into a lvafer of about 1" in diameter by f,,,thick. The wafer was then
placed between two opposing carbon pistons enclosed in a carbon cylin-
der. Heat was obtained by the internal electrical resistance of the carbon
cylinder. cuspidine formed readily at 900o c. and 2,000 psi when left for
I hour. At 1150'C. and 2,000 psi, the cuspidine batch extruded along
the cylinder walls acting as if i t were a fluid phase. when synthetic cus-
pidine is heated in air at 1200'c. for 12 hours or longer, it is converted
into fine polycrystall ine aggregates of 7-2CaO SiO2.

Pnopenrres ol SyxrnBuc CusprDrNE
'fhe optical properties o{ the synthetic cuspidine were measured by

oil immersion techniques on crystals grown hydrothermally, from melts,
and by solid state reactions. The mineral has monoclinic symmetry and
is biaxially positive in character. The extinction angle, measured from
the c axis, is about 7o. The indices of refraction are ot:1.5g1. 6:1.5g5
and 7:1.602+0.003.  The opt ic  angle 2V:76o (est imated) .

Density measurements were made on a Berman Torsion Balance
using toluene as the immersing medium, and an average value of 3.05
gf cmtr10/6 was obtained. This was thought to be high as the values
reported in the l iterature were 2.9 or less. To check the accuracy of the
density measurement against other known constants of cuspidine, the
principle of Gladstone and Dale was employed. This principle is stated
in the formula K:n - l /d ,  where n:mean index of  ref ract ion,  d:den_
sity and K: the specific refraction of any substance. K was calculated for
cuspidine from Larsen and Berman's table of specific refraction of the
chief constituents of minerals [6]. cuspidine's mean index of refraction
was calculated using d:3.05 and it was found to be 1.596, which is the
same as the observed value of 1.596. If the value 2.9 is used for d, the
mean index is found to be 1.586. The principle of Gladstone and Dale is
an excellent tool for checking the accuracy of optical data and densities
when the formula of a compound is known. The recent article by Jaffe
[7] is an excellent example of the usefulness of this principle.

Table 2 contains the r-ruy powder pattern data obtained from syn-
thetic cuspidine made from a crystall izing melt. For comparison a natural
cuspidine from l{onte somma, rtaly, has been included. The patterns
were made on an r-ray diffractometer using copper K" radiation.
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NBS Sl,nthetic Specimen from Monte Somma, Italy

7  . 3 6
7 . t t
5 . 2 7
5. 13,r
4 .62d
4.  55d
4 . 2 3
3 .68
3 . 4 2
J .  J O I

3 . 2 5 7
3 .064

2 . 9 4 4
2 930
2.898
2 . 8 7 1
2.879d
2 . 5 6 8
2 . 5 5 0
2 . 5 2 0
2.493
2 . 4 7 7
2.452
2 . 4 3 5
2.420
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d Indicates difiused.
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Tasrn 3 V,qr,rns ol Drurcrnrc Consr,q.Nr (K) eNo trn Qulr-rrv
Fncron (Q) wnn Teupan,q.tunn eT 1 Mncecvcr,r

160
400
310
270
210
170
1 1 0
53
19
10

25
50
7.5

100
r25
I 5t)
200
300
400
500

5 . 8
5 . 8
. 5 . 8
5 . 9
5 9
5 . 9
6 . 0
6 . 3
t t . l

7 . 3

Preliminary work on the electrical properties of synthetic cuspidine

formed by solid state reactions indicate that the dielectric constant K

increases with a rise in temperature, while the quality factor Q decreases.

It was also found that with increasing frequency Q and K decrease in

value. Table 3 gives the variation of K and Q at one megacycle with

temperatures up to 500" C. The test specimen was not previously dried

and the low Q value of 160 at 25" C. is probably the result of moisture

contaminating the specimen surfaces.
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