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MINERALOGICAL STUDIES OF THE NITRATE DEPOSITS OF CHILE 

IV. BRUGGENITE, Ca(I03 ) 2 ·H2 0, A NEW SALINE MINERAL 

By GEORGE E. ERICKSEN, MARY E. MROSE, and JOHN W. MARINENKO, 

Washington, D.C. 

Abstract.-Briiggenite, Ca(I0 3 ) 2 • H2 0, is found in veins of high-purity 
soda niter in rhyolite tuff at Pampa Pique III, Oficina Lautaro, Chile, as 
long columnar anhedral crystals, as prismatic crystals, and as irregular 
anhedral crystals or encrusting masses. The mineral is colorless to bright 
yellow, and transparent to translucent, has vitreous luster and a hard­
ness of about 3%, is brittle, and has conchoidal fracture. It is biaxial 
and has variable optic angle and refractive indices, which were deter­
mined by the spindle-stage method. Refractive indices are as follows: 
na=L772-1.779, ~=1.795-1.802, and n,.=L817-1.824 (all±0.003); 
optic angle shows a range of 2 Vz = 86°-96°; Z = b and Xl\c = -4~; 
dispersion (Z) is r<v, moderate. Briiggenite is monoclinic, space group 
1'2,/c, with a=8.509±0.00l A, b = 10.027±0.002 A, c = 7.512±0.001 A, 
IJ = 95°16.00'±0.55', volume 638.2 A3

, Z = 4, G(calc) = 4.244, 
G(meas)=4.24±0.0l. The X-ray diffraction powder pattern of briig­
genite has the following strong lines (hkl, dhktl): 031, 3.051 A (100); 
220, '!,_238 A (90); 200, 4.235 A (80); 002, 3.739 A (60); 012, 3.503 A 
(60); 231, 2.522 A (60). The composition was confirmed by chemical 
analyses. 

The new mineral briiggenite (pronounced brn-gen-rut) was 
discovered in a suite of saline minerals from nitrate deposits at 
Pampa Pique III, about a kilometer north of Oficina Lautaro 
(fig. l) in the Taltal nitrate district of Chile. The material was 
collected in 1965 by Ericksen and his Chilean colleagues 
Fernando Munizaga and Mauricio Tabak of the lnstituto de 
Investigaciones Geologicas. This area is the type locality for 
the minerals lautarite, Ca(I0 3 )2, and dietzeite, 
Caz(IOJ)2(Cr04 ). Specimens of hriiggenite, which range from 
colorless to bright yellow, were first assumed to be lautarite 
and dietzeite, hut X-ray powder diffraction studies showed 
them to he a distinct mineral species. Identification of the new 
mineral was made somewhat more difficult than usual because 
the published powder data for lautarite are actually those of 
briiggenite, Ca(I0 3 )2-H2 0. 

Pampa Pique III is a nitrate mine area that formerly supplied 
ore for treatment at the nearby nitrate plant at Oficina 
Lautaro. The area is within a closed depression, several 
hundred meters in diameter and 10-20 m deep, in a terrain of 
reddish to purplish rhyolite ash-flow tuff. This depression is 
one of several in this part of the Taltal district and may be an 
original feature dating from the time the tuff was deposited, 
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Figure I.-Index map showing location of nitrate fidds (stippled) in 
southern Antofagasta Province, Olile. 

probably during the Pleistocene. However, the depression has 
been modified by wind deflation, the chief agent of erosion in 
this extremely dry region. Specimens for our study came from 
piles of nitrate ore and from veins in the tuff in the vicinity of 
a water well (Pique III) near the center and lowest part of the 
depression. 

The veins (fig. 2) contain extremely high-purity soda niter; 
chemical analysis of a sample of fibrous nitrate from this 
locality showed it to contain 99.8 percent NaN03 (Ericksen 
and Mrose, 1972, p. B48). Furthermore, the surface-leached 
zone of the veins is very shallow, commonly only 10 or 20 em 
deep, in contrast v;ith other areas wht~re the leached zone is 
generally more than a meter deep. 

The mineral is named for juan Briiggrn !\1. (1887-195.'3), a 
leader in the study of Chilean geology. As a profel'!'or at the 
University of Chile he trained many of the Chilean geologists 
and mining engineers who are the leaders in the pn:Sfnt mining 
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PHYSICAL AND OPTICAL PROPERTIES 

Individual crystals of briiggenite are colorless to bright 
yellow, transparent to translucent, and have a vitreous luster. 
The bri"ht vellow of some brii"genite mav be due to trace e "' c._, J 

amounts of chromate (Cr04 -
2

) as impurity, but small frag-
ments and crystals of briiggenite that appear colorless are very 
pale yellow when grouped together, suggesting that the color is 
an inherent property of the mineral; synthetic crystals of 
brliggenite are also pale yellow. The powder and streak are 
white. 

Briiggenite is brittle, has a hardness of 3Y2, lacks cleavage, 
and has conchoidal fracture. It does not fluoresce in either 
long- or short-wave ultraviolet light. The specific gravity, 
determined at 22°C on crystal fragments on the Berman 
microbalance usin" toluene as the immersion liquid, is , 0 

4.24±0.01 (an average of six determinations), in excellent 
agreement with the value 4.24±0.01, determined by the 
pycnometer method at 25°C, for synthetic briiggenite; the 
density calculated for briiggenite from the X-ray data is 4.244 
gcm-3 • 

In transmitted light, briiggenite is colorless to very pale 
yellow and is nonpleochroic. The mineral is monoclinic, an~ 
synthetic prismatic crystals show orientation of X/\c=-47, 
Z=b. The previously reported orientation (1\Irose and others, 
1971) is in error because determinations were made on natural 
columnar material that later proved not to have true crystal 
forms. Dispersion (Z) is r<v, moderate. 

The optic angle and refractive indices of both natural. and 
synthetic briiggenite show considerable variation from gram to 
grain in apparently homogeneous material and even on 
different parts of a single grain or euhedral crystal (Ray .E. 
Wilcox, written commun., 1973). Determinations of refractive 

indices were made on the spindle stage, using the focal 
maskin" technique and bv normal immersion method, using 

b , -

both sodium light and white light. Index oils were checked 
with a Leitz-Jclley-type microrefractometer at the times 
indices were measured. Optic angles were also measured on the 
spindle stage. Refractive indices for natural and synthetic 
hriiggenite thus obtained are as follows: na=l.772-l.779, 
nt~= 1.795-1.802, and n-y= 1.817-1.824 (all measurements 
accurate to ±0.003); the optic angle shows a range of 
2Vz=86° -96°. Twinning was not observed, although the 
col~mnar briiggcnite that is intergrown with fibrous soda niter 
shows impressions of longitudinal twinning striae of crystals of 
the enclosing soda niter. 

CRYSTALLOGRAPHY 

Single-crystal X-ray data.-The unit-cell parameters of hriig­
genite from Pampa Pique III were first derived using Buerger 
precession techniques. Monoclinic cell constants and spa.ce 
group were obtained, using both nickel-filtered :o~per rad.Ja­
tion and zirconium-filtered molybdenum rarhat10n, w1th 
exposure times of approximately 72 h for the latter. The Okl, 

lkl, 2kl, hOI, h2l, and h31 reciprocal lattiee nel'i were 
photographed." The conditions limiting the possihl•~ rd1eetions 
are h01:1=2n and OkO:k=2n, so that the spact~ group 1"21/c is 
thus uniquely defined. The cell data for tlw natural makrial, 
obtained by single-crystal tt~chniques, an~ eomparetl lwlow 
with those derived from tlw X-ray diffraetion powd1·r tlata 
(table I) by the least-squares refirwrnent kchniqllf~, w;ing the 
digital computer program of Appl•~man and Evans ( 197:!): 

Single-crystal .lata 
(precPuion ml'llwd) 

Crystal system .......... Monoclinic 
a(A) ................... ll.505 
b(A) ..•............... 10.000 
c(A) .......•......•.... 7.491l 
i3 •••••••.•••••••••• 95°20'±10' 
a:b:c ............ 0.8SOS:I:0.74911 
Space group ............. , 1"2 1 /c 
Cell volume . . . . . . . . . . . . . 63·1. 9 A 3 

Cell content~ ...... 1(Ca(I0,)2·H 2 0) 
Density (calc) ........ 4.267 gem ·• 

X-ray po wd••r data 
(l<•mt -.!quari'S m l'tlwd) 

Monodinic 
ll.509±0.1l01 

10.027±0.002 
7.512±0.001 

')5° 16.00' ±0.55' 
0.8lll6: I :o. 7492 

/'2, fc 
6:10.2 A 3 

41 Ca(l 0 3 ) 2 ·ll 2 0 I 
4.2·14 I( 1:11\ _, 

X-ray powder data.-·X-ray powdf'r patl•·rn~ w•:rc prepart·d 
for bri.iggenite from Pampa Pirpu: Ill and for ery~tals of 
Ca(I03 ) 2 ·II2 0 synthesized during this ~turly; the powder 
patterns of both arc idt:nlical. lrulexed X-ray powd•·r data for 
bri.iu"cnitc are listed in tahlc I. The powder •lata citt:d in the 
PO\;dcr Diffraction File (formerly AS'nl) card J.o:mr, for 
so-called synthetic lautarite ( = syntlwtic hriigg•·nil•~) an~ l:om· 
pared in table 1 with those of hriiggcnitc of thi~ ;;tudy. 

Morphology.-i.\lost briiggcnitc occun< as anhedral crptals .or 
cryptocrystalline mas:;es. The anhedral ny~>tals are lon1!, thm, 
and columnar, elongated c, and are intergrown with fibrous to 
columnar soda niter crystals; these briiggenitc crystals tend to 
have irre~,'ular rough striated faces that refl,~ct the growth 
pattern of the soda niter. Faces on tht~sf• cry~tab, limited to 
the prism zone, arc distorted. Some may ht: trw: f;rystal face~; 
others clearly are not. 

Prismatic crystals of briiggenitc arc as much as a e•~ntimeter 
loncr in the c dirct:tion ami ;,how a diamond-~hapo·tl •:ru:;s 
section, as much as 6 mm long in the b direction (fig. :~). 
Interfacial angles measured with a petro~:.,rr;~phit: microM'Ofl-: 
gave a phi angle of 60° for sc\·eral of the diarnoml-~hapt·d ··~o:-s 
sections, which compares favorahly with a cakulat•·•l pin of 
60° 36' for the pri,;m form {320}. l\one of the many 
synthetic crystals examined in the course of this l'tudy showed 
this form. 

Four small, terminated, apparently cuhet!ral crptal<; of 
natural bruggenite, of long pri:;matic hahit (lt·ngth:witlth: 
thickness, approximately 0.5 mm:O.l5 mm:O.IO nun) wr·re 

measured on the optical goniomet .. r. The interfaeial angles 
obtained for the four hkO faces in the prism zone were not 
conFistent with those of a prism form; these facf•s unrlouhtl'dly 
resulted from growth control effected by the fihrou;• soda 
niter. Forms ob~crwd on thc~e er~p•tals wen~ b {01 0}, a~ \cry 
narrow faces, and the clinodome, w {Oil}. 
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Table 1.-X-ray diffraction powder data for briiggenite, Ca(l03 ) 2-H2 0 

(Monoclinic, 1'21 /c: a=8.509±0.00l A, b=I0.027±0.002 A, c=7.512±0.00l A, (J=95° 16.00'±0.55'] 

l'ampa Pique Ill, Oficina Lautaro, Chile "Lautarite" (PDF 1-0386) Pampa Pique Ill, Oficina Lautaro, Chile "Lautarite" (PDF 1-0386) 
=synthetic bruggenite = synthetic briiggenite 

Calculatrd 1 Measured 2 Measured3 Calculated 1 Measured2 Measured' 
hkl hkl 

d(A) d(A) J· d(A) 1 d(A) d(A) ]4 d(A) 

100 11.473 023 2.233 2.233 18 2.23 13 
110 6.472 6.475 7 6.7 7 302 2.161 
Oil 5.996 5.996 35 6.0 27 240 2.157 2.157 13 
lll 5.073 330 2.157 
020 5.013 5.011 50 5.1 33 322 2.136 2.135 5 
111 4.733 4.733 7 400 2.118 2.ll8 35 2.12 27 
120 4.315 232 2.093 2.093 7 
200 1\.237 1\.235 110 4.27 100 410 2.073 2.072 5 
021 4.1(,5 4.167 5 l42 2.046 
210 3.902 223 2.046 2.045 35 2.04 23 
l21 3.815 3.814 5 4n 2.045 
002 3.740 3.739 60 3.75 30 142 1.9986 1.9987 II 2.00 3 
2tt 3.587 3.51\7 18 051 1.9369 1.9368 35 1.95 20 
i02 3.54·~ 223 1.9114 1.9113 18 
012 3.5(1,1 3 .. )03 60 3.51 27 l04 1.8625 1.8635 25 
211 3.:H6 3.345 50 3.35 23 014 1.8384 1.8388 35 1.85 20 
lt2 3.341 

1.7964 25 102 3.311 
1.7768 60 1.78 42 

220 3.236 3.238 90 3.24 67 1.7737 60 ll2 3.144. 
1.7476 60 1.75 42 

130 3.109 
1.7104 30 1.71 13 

031 3.051 3.051 100 3.04 100 1.6929 7 221 3.049 
1.6716 42 1.67 23 

022 2.998 2.998 42 1.6320 35 1.63 13 
202 2.941 2.940 30 1.5982 18 1.60 13 
l31 2.906 

1.5801 9 ······ 221 2.897 
1.5655 1.56 13 

l22 2.894 2.894 13 7 
1.5435 7 ······ 131 2.837 

300 2.824 1.5285 13 ······ 
1.5122 ······ 212 2.822 2.820 18 13 

7 2.83 7 1.49 122 2.763 1.4940 13 
1.4775 13 ······ 310 2.719 2.718 18 
1.4573 18 

... ., .. 
202 2.684 2.6!!5 35 2.69 33 1.45 13 Jll 2.631 1.4512 18 
230 2.624 1.4323 13 

17 
21.2 2.593 2.592 18 1.4130 18 1.41 
222 2.537 

2.59 7 1.3990 18 13 231 2.521 2.522 60 2.53 
1.3640 18 1.36 

032 2.·l92 
50 1.3478 11 ······ 2.491 1 .... 

231 2.433 H31 35 2.43 1.3320 11 
l32 2.·U1 27 1.3147 13 ······ 
013 2.420 1.3026 11 

.... 
J21 

2.•120 7 ······ 2.395 2.395 7 1.3002 11 .... 222 2.366 2.366 50 2.37 30 
1.2850 13 

Jl2 2.298 1.2725 11 
.... 

2.298 13 2.30 7 

;i;_~MoT:~~,.,~1~oo~·r 1t;!u'~~l! t~:.~ <:2.~1 ~ calculated d's, 3 ~~a diameter, 16 in.; Zr-filtered Mo radiation ("-Mo~a"0·709 A~ •ea d. • _ .. · . osc o erye . 
In!enstlte:; ~ere obtained by com~arison with calibrated ~tnps. tibrated 1 '"us\). _tamf'tc.·{· ll4.a9 mm; Ni-filtered Cu radiation (1-..CuKa = 

-~ , , mtrma standard CaF Lo r · . . Int_ensthes est.imated visually y direct comparison wtth a cato tad! approximately 6.0° (14.7 A).' •· Wfr umt measurable for 20 IS mtenstly ftlmstrip of successive step-line exposures related 
other by a factor of ../2. 
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Table 3.-C/wmical analyses of bruggenite, Ca(I0 3 ) 2 ·112 0, and its synthetic equimlent 

[Analyst: john W. i\larinenko] 

Synthetic 
equivalent 

Theoretical composition 
for Ca(IO 3 ) 2 • H2 0 

Cations on the basis 
of seven oxygcns 

Synthetic Wo·i~ht 

po·rco·nt 
Weight 
percent Rccalculated 2 

Weight 
percent Briiggenite equivalent 

CtO ............ 14.2 
SrO . . . . . . . . . . . . 0.•1 
1,0,............ 81.7 
II, 0 . . . . . . . . . . . . 2.8 
C0 1 • • • • • • • • • • • • <O.t 
Insoluble 0.3 

ro·sidut'. 4 

Total . . . . . . . 99.4 

14.1 
0.4 

111.4 
4.1 

100.0 

14.2 

80.6 
4.4 

3 0.13 
<0.1 

99.3 

14.1 

81.4 
4.5 

100.0 

13.75 

81.83 
4.42 

100.00 

Ca} 
Sr 
I 
H 

1.1 1.0 

2.0 2.0 
1.9 2.0 

1 llt·cakulah·dto I ()().0 afkr deducting insoluble, C02 , and 33''• pcrcentlautarite. 
2 Ht·•~alc:ulalt·d to I()().() aflt-r •kduding insoluble, and C02 as CaCO,. 
3 Samplo· mntairwd a small amount of CaC03 (used in the synthesis) as an impurity. 
4 lnsoluhlr rt·sidtll: in (I: I) IIC l. 

Sy11tlw.~is.·- Brii:.rg•·nik is n:adily ~<ynthesized. It was prepared 
during this sl111ly Ly initially adding a 0.2 molal solution of 
iodie aeid (11103 ) to 9.5 g of reagent-grade calcium carbonate 
(CaC0 3 ). When effervescence ceased, the filtrate was carefully 
dt·cantcd, pa..-.sctl through very fine filter paper, and then held 
in an oven (50° -80°C) in a covered vessel until crystallization 
look place. Well-formed transparent doubly-terminated 
crystals of briiggenite were thus formed (fig. 4). They were 
dried between filter papers, washed successively with methyl 
alcohol and acetone, and air dried at room temperature. The 
chemical analysis of these synthetic crystals (table 3) 
confirmed that the composition was Ca(I03 )2·H2 0. X-ray 
powder patterns for the synthetic crystals and naturally 
occurring bri.ig,genite show them to he identical. 

X·ray powder data recorded for a compound synthesized 
and characterized as Ca(I03 )2 ·nH2 0 by Kaplan (1966) in his 
efforts to prepare lautarite, Ca(I03)2, using various methods, 
arc in good :lbrreement with those for briiggenite. 

Solubility data.-The three known phases (fig. 5) in the 
system Ca(l03 )2 -H 2 0 (T<l00°C; P = l bar) include the 
mineral;; lautarite and briiggenite, which occur together in the 
Chilean nitrate tlepo:-its, and Ca(I03 )2·6H2 0 which has not 
yet been found as a mineral. Solubility data presented by Hill 
ami Brown in 1931 show Ca(l03 )2 to be the 
high-temperature phase (T>:57.5°C), Ca(I0 3 )2·H2 0 the 
intermediato• phal>e (T = 35° -57.5°C), and Ca(IQ3 )z-6H2 0 
the low-temp•~rature phase (T~35°C). Furthermore, 
Ca(I03 )z ·ll2 0 forms mt'tastably in the temperature ranges of 
25° -:35°C and 57.5° -70°C, and Ca(l03 )2-6H 2 0 in the range 
35° --40°C, as indicated in figure 5. The presence of lautarite 
and briiggenite in the nitrate der1osits, which probably formed 
at an average temperature of less than 25°( (P = l bar), 
probably indicates that their stability temperatures were 

u 
0 

w· 
a: 
:::l 
1-
<( 
c: 
w 
~ 40 
w 
1-

I 

Liquid 

Ca(IO,l, 

Ca(IO,l, · H,O 

+ 
Liquid 

CaOO,l,. 6H 20 

+ 
Liquid 

WEIGHT PERCENT Ca(I0 3) 2 

Figure 5.-The system Ca(I0 3 ) 2 -H, 0. (From Hill and Brown. 
193l,p.4319) 

depressed by other salines present in the crystallizing 
solutions. Ca(I0 3 h ·6H2 0, which readily desiccates to 
Ca(I03 )z ·H2 0 in air at room temperature, either did not form 
in these solutions, which is most likely, or, if formed, became 
unstable as the newlv formed nitrate caliche dried. 

Briiggenite is readily soluble in hot water ('·-::ol00°C) but only 
slowly soluble in cold water (~22°C). It is readily soluble io 
dilute to concentrated hot HCI and HN0 3 and in moderatd~ 
concentrated ( 1: l) to concentrated cold HCl and lli\OJ· 
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Briiggenite is less soluble in dilute (1:10) cold HCI and only 
slightly soluble in HN0 3 of similar concentration. It is only 

slightly soluble in sulfuric acid, decomposing and forming a 

precipitate of gypsum (CaS04 ·2H2 0). It is insoluble in organic 
solvents such as alcohol, acetone, and xylol. 

Pyrognostics. -Before the blowpipe, briiggenite is infusible. 

When heated in an open platinum crucible just below red heat, 
briiggenite gives off water and violet vapors of iodine; the 

crystals tum light reddish brown, minute cracks appear, and 
some exfoliation takes place. This material gives an X-ray 
powder pattern of an unidentified phase, possibly Ca5 (I06 )2. 
At red heat in the open platinum crucible, iodine vapors are 

given off and the briiggenitc crystals turn white and 
decrepitate; this residue has the X-ray powder pattern of CaO. 
When heated in a closed tube at red heat, briiggenite first gives 
off water; almost immediately thereafter, copious violet vapors 
of iodine deposit shining black rhomboidal crystals of iodine 
on the walls of the upper end of the tube. 

Thermogravimetric analysis.-A thermogravimetric trace (fig. 
6) of briiggenite was made by Frederick 0. Simon, U.S. 
Geological Survey, using a 100-mg sample and a 
thermogravimetric balance that automatically records the 
weight of the sample as the temperature rises ( 4°C/min in air) 
to a maximum of l,000°C. The trace shows a loss (table 3)of 
most or all of the water (~ 5 percent) between the tempera· 
lures of 210° and 240°C. The remaining material, consisting 

0 
/Loss of H,O 

10 

20 

(I) 
(I) 

0 
.J 30 
1-
::: 
0 

Rammelsberg reaction / 

5Ca!IO,I, ~ Ca,OO,I,+41,+90, 
w 40 i: 
1-
2 

"' u 50 ::: 
"' .. 

60 

70 
Decomposition of Ca,OO,I{ 

80 

CaO residue--
90 

200 400 600 800 

TEMPERATURE. IN °C 

Figure 6.-Thermogravimetric trace for bruggenite. Ca(IO, )2 ·II, 0, 
showing progressive decomposition to CaO upon heating. 

of Ca(I03)2, then decompost:s in two ~~·~ps: (I) !lt'twt•t·n about 
550° and 7l0°C, there is a wdght los.-; dtw to los.<; of iotlirll' mul 
oxygen by the ltammdslwr~ reaction (Duvill, I •J:i:l, p. I :i!i): 
5Ca(IOJ)2-> Ca5 (106h +41 2 +902 , '""'(:!)at ulluut 710'>c, 11 

strong inflection in tlw eum• irulieah·~ that Cas(I06 h lwgiu• 
to decompose, rcleasin~ additioual ox y~t·n mul tilt' r,.maining 
iodine. Dccompo:;ition is cornpldl'tl ;~t ahonl B7:i°C, k01ving ll 
residue of CaO •·quivalt~nl to aiJoul I·~ pt:r•·••nt of tlu- ori~iuul 

sample. 
Infrared analysi.,, .. fnfran:d traiTS of hrii~g .. nill' from l'mnpil 

Pique III, and its synthetic I"IJUi\'alt·lll, for 1111' rq!ion 
4000-200 1:111-t, an: ~hown in fi~ure 7; tlw priul'ip:tl 
absorption bands are listed in tahlt: 4. For cornpilri:<on, tlw 
infrared frequencies for the 103 ion ilrul for 11 2 0 rqlllrlt•cl for 
the compound Ca(Hl3 )2-611 20 hy :\Iiller anti WiJI..iu~ (I 1J;i:!) 
and Miller, Carlson, Bentley, and .J orws (I %0) alw ilr<' ~>IHIWII 

in table 4. 

WAVELENGTH, IN MtCfiON~ 

2.5 3 4 5 6 1 9!1101t1~to l~~o 
100 1--r-'--r~-t-~~--"r····-~ .. ·--·•,.-.~• ..... ' ····'·j 

4oo·'--o--=3""s'="oo::-c-3o"'oo:-:-2c::':s'=o-:co-::-:2o~~O·-·~,·too-·"-·;·-1100 -r;~ti 

WAVE NUMBER$, IN CM' 1 

figure 7.-lnfrartd lracM of n.tlural and ~ynlhrlic brihozrml~. 

Tahir ·1..-lnfrarf'd frPqurnd~s (em ·I) for II, 0 ornl 10; in #,tiitl!l<'nilr, 
Ca(l01 ),·112 0, ('Ortl('ilrt'tl u:ith thmr fur fa( 10 • ), •fJII 2 0 

Briiwnite ... 
Ca(IO, ),·6111 0

2 

lJ' ~ 

3~101) ~ 
2975 m 
333Qm 
3l30 m 

1623 m 

1610 w 

1 v, = ~trrtchi~ mod~ (v, and v,) 

I/ I 

750 ~ 
7RO ~ 
711lm 
760m 
,. ,,) ~ 

~~llf) m ll20' 
.f()O m 
:I'J7 m 1117 ~ 
Jf1i m 

1 Fn-qu~nci«"s from :\hll.-r and Wdl..in'l (l?.i2, p. 12:1SI)~ :O.!t!kr, 
Carl.;on, n~ntlry. and Jon~ (1960, p. 217). 

Thl' infrarl't! cun•·~ wn,, ma<le hy Ininl! ;\. Br•·g•·r, I' " 
Geologit:al Sunr-y, with a l'•·rl..in-Eimcr \1nth·l 6:.!1 
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spectrophotometer, utilizing KBr disks consisting of a mixture 
o£ 0.500 mg Ca(I03 )2-H2 0 and 300 mg KBr. The absorption 
bands (table 4) were identified by comparison of the spectra 
shown in figure 7 with 5pectra of iodate compounds (Nal03 , 

Kl03 , and Ca(I03)2·6Ih0) presented by Miller and Wilkins 
(1952) and Miller, Carlson, Bentley, and Jones (1960). 
Vibrational modes (v) for the 103 ion were assigned by 
comparison with the fundamental vibrational frequencies 
listed by Nakamoto (1963, p. 87); those for H20 were 
assigned by comparison with spectra by Adler (1965). 
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