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Alunogen, Al(H,0),,(S0,);"5H,O: Its atomic arrangement and water content
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Abstract

Alunogen is triclinic, space group PTwitha = 7420(6)A: b =
¥ = 91°53(5) und Z
ssenberg geometry ) wi
data. The structure was partially solved by the
use of Fourier and difference Fourier synthes

= B9°5T(S) = 97°3H(S)
two-circle gonjometer (W

= 6.062(3)A: a
2. A computer-controlled Buerger-Supper
utilized for collection of X-ray intensity
ymbolic addition method and completed by
Full-matrix least-squares refinement, with

1675 reflections, ted to u final R index of 0.077,
The structure is built of discrete SO, and A OwW ), polyhedra interconnected by i network of

hydrogen bonds. Four of the [

¢ independent polyhedra are spatiall,

arrunged in a manner

which gives rise to pseudo-double sheets parallel to (010), thereby accounting for the (010)

cleavage ind twinning. The §ifth polyhedron (an SO, group) is situated between pseudo-sheets
and is completely surrounded by the five zeolitic water molecules, Mean Al-Ow und §-O
distances are 1887 and 1467 A, respectively.

Maximum 1,0 content in the alunogen formula wus found to be 17 molecules as opposed
(o the heretofore accepted value of 1%, Partial dehydration is accompunied by partial
occupancies of zeolitic water sites. That there exists no known uluminum sulfite hydreate other
than alunogen is interpreted Lo be a result of the strong tendency for the AP® ion 1o form

ANELOR in agueous solutions.

Introduction

Recent interest in crystalling hydrates has, as one
of its major objectives, the revelation of the general
rules of solvation. f.e., an attempt via crystal-struc-
ture analysis is being made toward unravelling the
relationship between polyhedral clustering in erystal-
line hydrates and the polyhedra which existed in the
solution fram which the minerals grew. Despile a
considerable amount of existing data, there is little
real understanding of the behavior of polyhedra in
solution or the multiplicity of their phase formation.
In this paper, we report the erystal structure of aluno-
gen, a sulfate hydrate with a very high water content.
By virtue of its large number of water molecules,
alunogen can be thought of as being closely related to
solutions, Thus, its crystal structure is of great inter-
est sinee it may provide a key to these questions. This
study will also settle the question of the exact number
of water molecules in the alunogen formula and
should also yield considerable information con-
cerning the hydration range in which the alunogen
structure can exist. In this paper we extend the con-
clusions reached by us in connection with the struc-
ture of kornelite (Robinson and Fang, 1973).

Data collection and reduction

Small, transparent laths of alunogen from Konigs-
berg, Schemnitz district, Hurgary (now Nova Bana,
Czechoslovakia) were kindly supplied by Professor
F. Cesbron of the Laboratoire de Mineralogic et de
Cristallographic de la Sorbonne, Paris, France. The
crystals are stable while in the sample vial. However,
if the crystals are exposed to the atmosphere during
periods of low humidity, dehydration begins almost
immediately, beginning as small cracks visible only
under the oplical microscope, progressing to tinges of
white on the grain edges, and terminating with the
entire grain becoming white, translucent, and crum-
bly. This occurs within a few hours during unusually
cold winter days when indoor humidity is very low.
However, crystuls exposed to the atmosphere for pe-
riods of several weeks during the humid summer
months showed no deterioration, In addition to the
dehydration  problem, alunogen is commonly
twinned parallel to (010), so considerable time was
spent in finding a suitable erystal,

The unit cell purameters, obtained from precession
photograpis, ure @ = 7.420(0)A: b = 26.97(2)A; ¢ =
6.062(5)A: a = 89°57(5): B = 97°34(5): v =
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91°53(5)': Z = 2 and spuce group P1 or PT. This unit
cell was chosen so as to conform (o the mor-
phological cell of Gordon (Palache. Berman, and
Frondel, 1951).

The crystal sclected for data collection was a thin,
transparent lath with the dimensions 0.016 X 0.010 X
0.0026 cm. The shortest dimension very nearly paral-
lels the & axis ab~ut which the crystal was rotated
during the intensity gathering process. A total of 2822
raw i ities were collected with a cc -con-
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would be present if our sample of alunogen contained
the full complement of 18 water molecules previously

ibuted by Palache et af (1951) and by Larsen and
Steiger (1928) to the fully hydrated mineral.

Completion and refinement of the structure
The R index became 0.083 after four cycles of luli-
matrix least-squares refinement, using atomic scat-
tering factors for AP+, 8% and O'~, from Cromer and
Mann (1968) and the 1681 reflections which were
considered  “observed™ after passing the {-B2

trolled. Buerger-Supper equi-i ation g
and Ni-fifiered CuKe radiation. Scun speed was var-
ied directly with peak intensity in order to minimize
variations in counting statislics. Pre-selected stand-
ard reflections were manually remeasured between
reciprocal lattice levels as a check on system and
crystal stability. The system performed normally dur-
ing the course of the data collection and the crystal
remained stable.

All data were corrected for Lp and absorption (x =
46.06 cm~') using the Acac program of Prewitt
(Wuensch and Prewitt, 1965).

Structure determination

Normalized structure fuctors (E's) were calculated
using the WiLxoRM program of Fang and Robinson
(1969). The strong indication of centrosymmetry -
dicated by the £ siatistics led to adoption of the space
group PI.

A modified version of the reiterative Sayre's equa-
tion program written by Long (1965) failed to reveal
the structure. We then proceeded to perform semi-
manual sign prediction with the aid of a symbolic
addition program known as SYMBAD, written by Rob-
inson (1974) for our Pop-8/e computer. In this man-
ner we were able to deduce the signs or symbols of
125 hkls. This information was then given to the
SoRrTE symbolic addition program of Bednowitz
{1970), Tor exicnsion to Akl's with lower £ values.
After signs or symbols for 530 hk{'s were determined,
E maps were calculated on the three possible sign
combinations that resulted. One set revealed all of the
polyhedral atomic sites as well as tentative zeolitic
water positions.

All polyhedral atoms were then input to the RFINE
least-squares program of Finger (1969) for cal-
culation of structure factors, and the results were
passed to a Fourier program known as FORDY (Ohya,
1970) for calculation of an Fons Fourier map. The Fops
map clearly revealed four zeolitic water (Zw) posi-
tions. However, the results were inconclusive regard-
ing the remaining two possible zeolitic sites which

4y T¥B} test (where 7 = total counts accumukated
during the scan and B = total background). During
the final cycle, A values (Fo-F.) were passed to the
Forpy program previously mentioned for
caleulation of a difference Fourier map. The fargest
peak appeired a I location; hawever, the
low electron de could only be ex-
plained by assuming partial occupancy. Two least-
squares calculations were performed in an attempt to
lix the occupancy vilue of this site, herein designated
Zw(5). First, a five-cycle run was prepared in which
the occupancy factor was given a fixed value for euch
cycle, beginning with 10 percent occupancy and
changing by 10 percent increments for cach addi-
tiapal cycle until a 50 percent occupancy value was
reached. During each cycle the occupancy value of
Zw(5) was locked, but all x.p.2's and B's were ul-
lowed to vary. During the 10%-occupancy cycle the
temperature factor became —17.0A% As the occu-
pancy was increased, the R factor decreased and the
temperature factor increased until, at 50 percent oc-
cupancy, the R factor again began to increase and the
1 ure factor be unr bly high. At 30
percent occupancy the B for Zw(5) was +6.1A% while
al 40 percent occupancy 8 was 9.1A% The R index
was at its minimum of 0.078 during the 30 and 40
percent occupancy cycles. Thus, it seemed
reasonable, in light of the temperature factors of the
other zeolitic waters, that the occupancy lor Zw(5)
was between 30 and 40 percent. Second, altacking the
problem from the oppasite direction, the temperature
fuctor of Zw(5) was locked at the average B value ol
the other four zeolitic water molecules (6.2 A?) and
the occupancy value of Zw(5) was varied, along with
all atomic coordinates and B’s of the other atoms.
The occupancy value of Zw(5) refined to a value ol 37
percent. It is possible that the Zw(5) occupancy may
be slightly higher since the £ of Zw(5) could well b¢
somewhat higher than the average of the full occu-
pancy zeolilic waters. However, we believe our re-
ported valuc is very close Lo the true occupancy.
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We next began o search for evidence of a sixth
zeolitic site. We added the partial occupancy Zw(3)
position to the list of atoms, refined the structure 1o
an R index of 0.077, and then caleulated a difference
Fourier mup. The map showed no feasible atomic
positions and thus it was concluded that the sixth
7ealitic sile was non-existent, at least in the crystal
under study.

At this point, six Zkls, obviously uffected by ex-
tinetion, were removed from the data and two addi-
Lional least-squares cyeles, with 1675 reflections, led
to the final R index of 0.077. Observed and caleuluted
structure factors are given in Tuble 1" while atomie

» To obtain it copy of Table |, order Document ANM-75-005 from
the Business Ol Mineratogical Society of America, 1909 K
Street, NW. Washington, D.C. 20006, Please remit in advance
S1.00 for the microtiche

Atomie Coordinates and Temperature Factors for
Alunogen*

Tautk 2

.4813 5;
.4859(5
.8740(7)
.0012(7)
.0029(6)

.448(2)

i)
.336(2)

19656(3)

.4738(3)
.5956(3)
.4114(3)
.5336(3)

.2814(4)
.7268(4
.7981(4
.2528(5

oooo ocooo

(219(2)
.387(2)

ocococo

CoLanw

ZET0e Doeown

coordinates and temperature factors are presented in
Table 2.

Description of the structure

The structure is composed of isolated Al(Ow), oc-
tahedra and SO, tetrahedra (Fig, 1), However, the
polyhedra are not evenly distributed throughout the
unit cell s they are, for example, in the alum struc-
ture (Cromer, Kay, and Larson, 1967): rather, they
form pseudo-double sheets paraliel to (010). Between
the pseudo-sheets lie the S(3) tetrahedra which are
completely surrounded by zeolitic water molecules.
In addition, it is interesting to note that the octahedra
and tetrahedra lie in separate but parallel sheets nor-
mal to (001), This is best visualized in the (100)
projection (Fig. b

All polyhedra are quite regular (Table 3). as would
be expected in an isolated polyhedral arrangement.
The mean Al-Ow and S-O distances are 1887 and
1.467 A, respectively.

Discussion

Hydrogen bonds

A hydrogen bonding scheme, derived from geo-
metrical considerations, is shown in Table 3 (the ar-
rows point toward the acceptor atoms of the H-
bonds). It is interesting to note that the only zeolitic
water not bonded to a ligand water is Zw(5). the site
of purtial occupancy. Thus, alunogen owes its exist-
ence as it crystalline solid to the extensive three-di-
mensional network of hydrogen bonds. Tuble 5 is @
summation of donor and acceplor bonds, in support
of the proposed hydrogen-bonding scheme. The elec-
trostatic bond strengths and their sums about the
anions are shown in Tuable 6. Anions which have
nearly identical environments have been grouped to-
gether. We note from the table that, with one excep-
tion, the oxygen atoms are undersaturated, and that
this imbalance is reflected in the shorter-thun-normal
Ow-0 distances shown in Table 4.

Chemical formila of alunogen:
Revision of the water content

[n the Refinement section. we pointed out that we
were unable to focate a sixth zeolitic water from the

final difference Fourier map, despite the fact that o
sixth site should exist if alunogen contains a total of
18 H,0 molecules as reported in the literature. This
information was in contradiction with our working
hypothesis concerning zeolitic water sites which
states that the loss of water in sulfate hydrates does
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Fiei. 1. Palyhedral representation of the alunogen structure.

not cause the disuppearance ol an entire zeolitic wa-
ter site, but rather is the result of a decrease in occu-
pancy of one or more sites. [n an attempt to discover
the source of the difliculty, we recalculated the chem-
ical analyses reported by Dana (Palache ef al., 1951,

p. 337). None of the {our chemical analyses listed
corresponded to 18 .0—they vary from 12
15.5—and the origin of the I8 H.O hydration s
was attributed to the work ol Larsen and Steiper
(1928). However, what Larsen and Steiger stated was
that *. ., former contention as to whether alunogen
contained 16 or 18 molecules of water has been raised
on the incarrect assumption that the water is present
in a definite, fixed molecular  proportion.”
Furthermare, they concluded that their study “in-
dicates a waler content of f'rom 13 to 15,5 molecud
Rather it was Lausen (1928) who actually inferred the
water content Lo be 18, based on his chemical analys
of impurity-containing alunogen [rom Jerome, Ari-
zona. His calcutations showed the molecular ratio of
A1,02:80,:H,0 to be 1.0:3.5:18.6. However, it is ob-
vious the ratio must be normalized o . :15.9,
thus indicating a water content of 16, In short, the
number 18 was not supported by any published ac-
count, Notwithstanding, a survey of the literature on
synthetic alunogen proved very enlightening. In his
ellort to clear up the confusion in the chemical liter-
ature regarding aluminum sulfete, Smith (1942) re-
peated chemical investigations of parts of the system
ALO,-SO,-H,0. His summary states “Previous data
in the literature have been reviewed and shown tot

lend little support 1o the reported formula of
Al(S0,);- 1811,0 for hydrated aluminum sulfate,”
t1e luriher wrote that the compound is cither a hex-

adecu-hydrate or heptadeca-hydrate, the latter fa-
vored by him as well as by two other investigators. In
a later paper, Henry and King (1949) reported that
alunogen is a 16-hydrate. Thus it seems alunogen is
¢ither a 16- or 17-hydrate: but which is correct?

As is often the case, the exact chemical com-
position can only be cstablished via three-dimen-
sional structural analysis. We have demonstrated this
in our previous papers, and again emphasize this fact
by showing that alunogen is a heptadeca-hydrate
when fully hydrated. Further loss of waler can be
expected o induce further partial occupancies in
other zeolitic sites, in order 1o sustain the alunogen
structure,

Crystallization in the Fei( SO )s-nH20 and
ALfS0)s-nH,0 systems. An interpretation

One salient objective in crystal-structure analysis is
to find or attempt Lo find a relationship between the
crystal structure and the ionic species existing in solu-
tions from which crystalline solids grew. Toward this
end, a hydrate of high water content is a good candi-
date, since it can be thought of us being very similar
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Tanrg 3.

ENT AND WATER CONTENT

Selected Interatomic Distances and Angles for Alunagen®

Tetrahedral coordinaticn around S

1483(10)
473k

0{5)-0(s)

a65(9)k 0{5)-0(7)

1896(3)

oo
45

.885h

HERN

877(9)R

108.0(5)

163.5°
no. 7y

MERY
0(9)-5(3)-0(10}
0(10}-5(3)-0(i1)

0(10)-5(3)- .
of 108.4(7)

2.3942
2.38(2)

2.39h A 109.5°
natfon around A13*

91.9(8)°

ow{113-R1{2)-0u(12)37.5(4
HEAR 90.0°

te a solulion, Now that we have elucidated the struc-
ture of a heptadeca-hydrate, kave we shed any light in
this regard? The answer is & qualified yes, The nucle-
ation of alunogen crystallites was probably initiated
when the solution became oversaturated with respeet
to the composilion——/\lz(SO.),(H,O).2- 1.5H,0—be-
cause [L3H,0O is the minimum amount of zeolitic
waler required to build up the alunogen structure (if

0.3 occupancy in each zeolitic site is taken to be the
minimum). As erystallizution progressed, the up

of zeolitic water was increased, varying from the ini-
tial 1.5H,0 10 5H,0. when all zeolitic water sites were
filled. The mest outstanding feature of the
AL(SO):-nH,O system, when compared with the
anulogous Fey(80,);-n1:0 system, is the fact that a
multiplicity of phases occurs in the latter (at least
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Tante A Prohable Hydrogen Bonds in Adunogen

Tantr 5.0 Summanon of H onds in Alunogen

mstance(ﬁ)

Donor Acceptar Angle(ADA)

ow(1) nz2.3°

ow(2) 93.3
on(3)
ow(a}
ow(5)
Ow(6)
ow(7)
Ge(8)
ow{9)
ow(10)
ow(11) 2
ow(12) 2
zu(1)
w(2)
Zu(3)
zw(4)

7w(5}

five). and yet there is only one aluminum sullaie
hydrate. This is especially puzzling when a limited
Al--Fe substitution is found in coquimbite (Fang and
Robinson, 1970). An apparent answer would be the
non-availability of Fe'* during the mineralization of
alunogen, but then, why have no lower hydrates of
aluminum sulfate been found? We propose that the
reason may be found in the different ionic sizes of the
two otherwise similur ions, The aluminum ion is
nearly 30 percent smaller than the ferric jon, yet it

D A S D A S

ow(5)
0w(6)

NRNNRON MR R
LamsanR MRONRNRD RN
LW NN RN

[NNNNN

s
K4
©
b

carries the sume charge, The smaller the ion, the
stronger its polarization power and. in the presence
of a polar agueous solution, Jie aluminum jon has
much stronger tendency than the ferric jon to be
enveloped by water, forming [AI(H,0))** groups.
This phenomena precludes the possibility of alumi-
num bonding directly with sulfate oxygens, and the
resultant ¢ illine solid is o completely isolated
polyhedra of SO, and Al(H,0),, linked only by H
bonds to yield coherence, This may serve to explain
the fact that the highest # in the AL(SO,)-nH,O
system is 17, whereas in the Fe{S0,);-nH:0 system it
is only 11 (Thomas, Robinson, and Fung, 1974), with
no insular polyhedra,

From these observations and inlerences we feel
that further structural studies of other erystalline hy.
drates are of signilicance if we are to bring progress
and new vistit 1o the study of minerals.

TapLe 6. Electrostatic Bond Strengths and Their Sums

about the Anjons in Alunogen®

Anfon/Cation Al s W(a) H(d)

{1 20 1) 1.5
0(12) 1.5

2x 16
3% 16
0x(1 to 12)
Zu{1 10 4)
2w(5)

2x /6
1 x b
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TABLE 1+ OBSERVED AND CALCULATED

FOR ALUNOGEN

STRUCTURE FACTORS
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TABLE ] ~— (CONTINUED)

L F(OBS) F(CAL) H K L F(0OBS) F(CAL)

59.94 -62.82
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77453 79.80
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15«26 -13.72 1Ze13
13.20 ~15400 265446
2164 -18.70 54451
30.90 -32413 13462
7478 ~-5e22 20478
30.00 3Z2.07 22419
1715 17.78 47487
38.84 42419 34431
30a11 ~32436 87.42
36.68 ~30.52 3914
36.56 36475 1791
17e41 -18.84 18449
37.96 -36403 26478
43.80 37.45 21475
23,03 21419 14.82
25.87 ~27e22 13.73
36.62 -34.83 39436
22.95 22.93 14469
7+70 ~5419 19.28
37.62 38611 23.01
30.81 29.08 12.80
36.95 35489 63419
1S5.96 ~16481 59451
21.01 20494 47428
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TABLE | ~—(CONTINUED)

H K L F(OBS) F(CAL} H L FloBs)  F(CAL)

-10.32

42463  -42432
1642 -18.25
30.81 28451
27.84 27.27
16e42  -18417
26425 -27.19
6.86 —13.43
23457 25416
28410 30.20
46420  -4B480
13415  -12.86
67400 73448
59463  -58.53
21.53 18,05
36427 356461
14497  -12.75
22470  -23.24
27.63  -29.99
13400 ~j12.02
12,21 11a11
12412 -11.84
8.90 6455
18442  -16435
24436  -26445
3091 30435
20476 21+32
21460 -1Be74
17.04 15459
45059  -40466
13.68 12468
85,28 85410
22431 —21.91
4lel4 44437
12464 9495
45489 43451
1149 ~7471
29.08 29.22
38412  -36.65
39.25 26496
15435  ~13.16
16+.80 16490 20.23 ~19e64
28450 —29.59 15409 ~16410
14e11 ~17+94 26489 27+70
1104 4427 14418 932
28404 ~26489 19453 16459
20.10 27.98 12420 2.23
21469  -18450 20468 —~19.81
1438 10444 25467 21496
22.10 ~22.70 4 12471 -13.07

746

18677

=33e43

18e44

14418 16495
15476  ~11s84
38453 -42403
51456 60483
25415  —24463
12.27 12047
11.38 15450
144642 1528
13.88 16447
28.75 -28.10
32434 33.70
23405 ~22468
16+14 14094
14476  —14e92
17.09 18484
37.84 —39405
14428 1391
28439 26432
13404 1494
19.73 2084
13.55 14467
34431 36021
S1e41 -554 19
1267 12471
49.85 51640
27.560 ~30.44
1769  =19+96
19442 —22407
32433 31.82
17499 16488
69.16  =69416
52422 5333
14489  =14+78
22409 2123
23.38 23.71
28473 21e12
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TABLE 1 == (CONTINUED)

K L F(0oBS) F(CAL) L Fo8S) F(CAL

o-18 14476 10.18

1-18 284,55 -27+10 24444
2-18 18,36  ~19+84 25.68
4~18 15410 14482 —26.16
4-18 28458 —31.18 ~28.08
2-18 24458 27430 38.28
0-18 11451 =133} ~18.81
118 38.80 -35.72 14474 13.24
2 18 31,52 30.08 1492 16475
4 18 11,16 =14.08 23463 -23.90
4 18 37.95 3754 17.07 18.38
318 264449 -224206 1615 -17.74
2 18 42455  ~42430 22.94 22.52
1 18 31.23 27432 21415 ~24489
0-18 21455 22462 14481 ~14.71
1-18 32.34 -37.82 1320 10.82
2-18 23,73 -2B466 41419 -35.67
3-18 19.29 -22405 32.66 30.32
4-18 20419 19.67 1528 ~Q.47
6~18 12,52 1509 18426 ~15.88
5-18 11469 -13e31 24499 ~23.92
1-18 9.91 ~20.27 24458 22475
0-18 21463 1903 10.02 11.9]
118 22,03 -20s40 14062 ~11.87
218 29,22 26478 13.22 13457
4 18 27.05 ~26.79 25419 23415
5 18 2791 26475 25471 —24,57
6 18 22,10 ~19.70 23494 ~25434
4 18 40416 37.32 30476 32.81
318 27433 -29.72 21450 18400
2 18 28,90 -26e64 T8e76 -79437
118 7446 -8.88 15499 13.07
14075 -16+78 53619 52458
31,56 =3379 18460 -16446
43491 44010 11e32 12441
11.25 9.32 18438 -19.72
12,05 ~1309 14 .58 1786
26465 30455 1947 19465
24410 =-22453 1736 18,97
37.67 -2B.28 1680 17440
12,59 1156 1745 -20+32
21418 23.68 31.18 -29.51
10e21 -7.88 15430 15435
22411 19.05 24434 28.78
30,51 ~35440 40418 41471
10462 1150 1996 -19.18
13.84 -15,49 11e42 —14430
11,69 ~10e00 1171 8407
28474 28.98 23466 24457
25,34 ~26+20 9.99 ~3.37
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TABLE 1 == (CONTINUED)

H K L F(oBS)

1-19
1 19
319
S 19
319
1 19
0-19
1-19
3-19
4-19
5-19
4-19
1-19
0-19
1 19
319
319
1 19
3-19
2 20
0=-20
2~-20
5-20
4=20
1-20
0-20

20

20

20

20

20

20
0-20
1-20
2=-20
3-20
5=-20
4=20
3=-20
2=-20
2 20
4 20
5 20
4 20
1 20
1-20
2=-20
6-20
5=20
4=20

1
~1
=1

-2
~2
-2
2
2
2
2
2
3
3
3
=3
-3
=4
-4
4
4

-4
-4
-3
-3

- OO0 O0Q0 = = =

10s13
7.86
21.72
12470
“leld
75435
144,03
40405
33.90
12449
13.80
13e4l
27.97
18423
28446
22.68
26433
37.72
26459
16450
16457
24457
17629
15483
12460
22485
14,21
11.18
15,56
2111
44446
20437
57e.42
28459
52412
19,70
14,53
13,07
14402
29449
38.82
20467
1755
16.96
9.72
6463
16,93
11459
22456
12433

F(CAL)

6432
1169
22472
13.416
~40468
76+21
-12.88
~-38.84
35426
12.08
~12+30
-11.91
24472
~18.68
-23+94
21473
~-27450
34490
26426
~14+90
14e49
—-21e23
-17.08
12e47
-T7469
-19.25
12468
-11434
1316
17e42
~42+87
-16460
55488
-29¢60
~50e 72
20.19
-12.28
1279
-12.86
-30e56
-38.71
22464
-17.51
~13e11
-10482
-13.98
—-21483
-12¢54
—22+04
16429

H K L F(ODS)

2-~20
1 20
2 20
4 20
5 20
3 20
2 20
1 20
0-20
1-20
2-20
3-20
4=20
2~20
0-20
4 20
5 20

1
-1
-1
-1
-1
-2
-2
-2

1178
1611
L2066
18.14
12447
25453
54480
26432
74«84
1798
41430
22463
1230
11429
24402
2053
2050
13.66
2061
1260
27«14
1461
18406
23644
1023
1220
14410
Z7+80
24 36
3214
18431
25487
20427
2172
2958
13.006
1724
1345
16032
16430
1756
19484
32491
1932
26442
24647
61.95
33.60
17460
9493

FocaL)

~16.88
15.68
—44485
19.65
~13e¢41
24462
=50.26
—25.96
71.28
=14.07
~4Z2469
21433
1095
11.72
~12.25
18.13
=19.72
10.74
~16.35
~ll.22
23.84
~14.86
19463
2Me84
=9.64
1748
=13+.54
=33.38
2762
34412
=21440
28453
~21e04
~204565
2G.57
12.78
—~15.96
15.05
16483
~16.90
19.01
~21434
~34.98
24+64
—29.74
—22.60
61.20
~32.19
—~18.05
7495
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TABLE 1 —~(CONTINUED)

F(CAL) L F(oss) F(CAL)

~2644%

22439 20400
22.39 10435
5354 e -36.97
25.88 s 17454
14426 2 ~12.30
2654 5 B0 81
23.73 2 12.82
34455 11e92
17465 13494 -7.98
12497 1563 13:91
1098 18453  =21447
10,03 11414 7.99
15.10 1347350 £4G0
28.82 27411 28471
22.99 14431 12449
24435 17493 1726
19.75 961 5468
26495 12.69 -20452
19434 17443 ~-18403
3144 44461 43436
17.21 33.49 -31.97
1953 18e66 17.72
13.79 10452 -9.87
18.02 32455 2%.26
39.05 12+59 12404
11.41 47437 456,85
12.41 22412 21+46
F.85 34484 35417

11402 10.06 1145
20.88 9410 8469
9.66 10406  ~11410

17.85 10.63 6423
10433 21430 20483
16492 12.12 12045
35.31 —51449
16481 ~27.92
23.08 46462
17418 ~24451
19.48 il1e64
12.78 14462
12.68 22439
20.22 -16410
1362 18401
14493 ~21493
14453 ~-10+59
14429 35476
17441 -52439
36477 4 A 16487
38469 10434
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TABLE 1~—(CONTINUED)

F(0oBS) m(CAL) H K L FloBs) F(CAL)

—11.84 c-24 18.93

1523 20437 ‘124 14447
21440 24,23 1-25 =4 1681
23468 —22.06 0-25 8.81
2605 27413 2 25 13.32
1596 ~13+¢49 1 25 10.25
1172 -5.97 0-25 1377
13.79 14.97 2-25 -3 2.91
28456 ~260 48 3-25 864
17490 16491 3-25 -2 17.09
27.77 32.21 2-25 11.25
14414 -18.00 1-25 10.54
42.50 46,73 1 25 .19
10469 15.24 0-25 16e44
18.80 —20.02 2-25 22.01
16613 -15.80 4=2% 1069
19.51 22.5) 5-25 10.80
11466 12.07 5-25 9a17
32,77 -27.89 4-25 14.37
15425 14,02 3-25 12.77
2Ee36 33.38 2-25 14450
39.96 44414 1 25 8.99
3732 ~37+35 3 25 9.+20
2.35 16,95 3 25 i1.16
11,03 ~11.63 2 25 16459
13455 16477 125 7e32
Se12 6423 0-25 1467
1246 —-11.07 1-25 .27
22433 22.06 2-25 7.80
26.98 —27.72 3-25 QG2
2724 32.29 3-25 Oe72
11.58 -15.15 2-25 11454
32.90 35.52 1 25 12.29
26473 ~24.84 325 11e12
793 18.55 0-25 11.20
16.87 —16.86 2-25 15.99
17.18 —20.10 3-25 i2.02
1 25 15447
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== - 000000
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