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CIUM SULFOALUMINATES

By E. P. Flint and Lansing S. Wells

ABSTRACT

Two hydrated calcium silicoaluminates were prepared, which appear to be
the silica analogs of the hydrated calcium sulfoaluminates. The low-silica com-
pound has the formula, 3CaO. Al;O; CaSiO; 12H,0. It occurs as hexagonal
plates, is uniaxial negative, and has the indices of refraction, w=1.538, ¢=1.523.
The other compound occurs as needle-shaped prisms and is uniaxial negative;
w=1.,487, e=1.479. It was not obtained in pure form but, by analogy with other
calcium aluminate complex salts, was tentatively assigned the formula, 3CaO.
Al,O5 3CaSiO;. 30-32H,0. The low-silica compound is slowly converted to the
high-silica silicoaluminate on standing in contact with lime solutions. The high-
silica compound was identified in mixtures of B-2Ca0. SiO; and 4CaO. ALO;.
Fe;0;; B-2Ca0. SiO; and 3CaO. AL,O;; and 3CaO0. Si0, and 4Ca0. ALO;. Fe,0;
which had stood in contact with approximately saturated lime solution for 3 years.
A hydrated hexacalcium aluminate, 6Ca0. Al,O;. 33H,0, was prepared. It occurs
as long, needle-like prisms, is uniaxial negative, and w=1.475, e=1.466. Its
formula may be written as 3Ca0. Al,O; 3Ca(OH),. 30H;0, which indicates that
it is the compound formed when the CaSO; in the high-sulfate sulfoaluminate is
completely replaced by Ca(OH),.

CONTENTS

Page
I reIntrOQUGHIBIWEREBE TN 10 Chat (RSO I r POl VTR Ty T LT 471
IT Experimentalsprocedure /and resultg L iiiin Kb Laeh: o i s Wil 2 i 472
1. Preparation of hydrated calcium silicoaluminates_ . _________ 472

2. Formation of high-silica calcium silicoaluminate from mixtures
o cementicomphunds iy Be T h e U S e iR 475
3. Preparation of hydrated hexacalcium aluminate. . ____________ 475
TEIMES yptstry RS i ACREMAS S (ol WS T AR 0 1 e L MO ) BT
TV. sReferences et sirerlen 1 WL g0t o iy T L 7Ex 477

I. INTRODUCTION

The high-sulfate form of calcium sulfoaluminate, 3CaO. Al,Os.
3CaS0,. 31H,0, is a constituent of hydrated portland cement and is
also produced by the action of sulfate waters on concrete [1].' Another
compound, 3Ca0. AL,O;. CaSO,. 12H,0, discovered by Lerch, Ashton,
and Bogue [2], and known as the low-sulfate form of calcium sulfo-
aluminate, has not been identified in hydrated portland cement.
Numerous other calcium aluminate complex salts have been syn-
thesized in which the SO7 radical of both the high- and low-sulfate
forms is completely replaced by various acid radicals. A list of the
compounds that have been prepared is given in table 1.

1 Figures in brackets indicate literature references at the end of this paper.
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TasLE 1.—Calcium aluminate complex salts that have been synthesized by various
investigators [3)

TypeTt Type I12
3Ca0.A1;03.3CaS04.31H20 3Ca0.A1:03.CaS04.12H20
3Ca0.A1:03.3CaC03.27H,0 3Ca0.A1;03.CaCO03.11H,0
3Ca0.A1:03.3Ca(Cl03)2.30H20 3Ca0.A1:0;3.Ca(Cl03)2.10H,0
3Ca0.A1:03.3Ca(CH3C03)2.30H2:0 3Ca0.A1;03.Ca(CH;CO02)2.8H20

3Ca0.A1,03.3CaCr04.30H:0
3Ca0.A1,03.3CaSe04.30H:0 A
3Ca0.A1;03.3CaMn04.30H20 e
3Ca0.A1:03.3Ca(103)3.30H20 208
3Ca0.A1;0;.3Ca(HCO2)2.30H:0 e 2
8Ca0.A105:3Ca(CsHsC02)2.30H0 o . e i b S o PR s e b T
3Ca0.A1:03.CaCl2.10H20

-| 3Ca0.Al:05.CaBr:.10H:0

-| 3Ca0.A1:0;.Cal3.8H20

-| 3Ca0.A1:03.Ca(N 03)2.10H20
3Ca0.A1;03.Ca(N 02)3.10H,0

1 General formula: 3Ca0.A1;03.3CaX.30-32H20 or 3Ca0.A1:03.3CaY2.30-32H20, where X is a bivalent

and Y a univalent acid radical.
2 General formula: 3Ca0.A1;03.CaX.8-12H:0 or 3Ca0.A1:03.CaY?.8-12H;0, where X is a bivalent, and

Y a univalent acid radical.

In spite of the fact that silica is the most abundant acidic oxide in
portland cement, no previous attempts have been made to prepare
the analogs of the calcium sulfoaluminates which would contain the
silicic acid radical, SiO3. The present paper is a preliminary report
on attempts to synthesize such compounds and also to obtain a
replacement of CaSO, in the high-sulfate calcium sulfoaluminate by
Ca(OH),. The data are presented at this time because it is anticipated
that the completion of a more extensive study of these compounds may
be somewhat delayed.

II. EXPERIMENTAL PROCEDURE AND RESULTS
1. PREPARATION OF HYDRATED CALCIUM SILICOALUMINATES

The silicoaluminate precipitates were made by a modification of a
method that has been commonly used in preparing other complex
salts of the calcium aluminates. This method consisted in mixing
solutions of calcium silicate and aluminate in the desired proportions
and in adding various amounts of solid calcium oxide.

A 20-liter volume of calcium silicate solution was prepared, accord-
ing to a method described previously [4], by boiling purified silica gel
with dilute calcium hydroxide solution (0.1 g of CaO per liter) for
about 18 hours and removing the undissolved residue by filtration.
The filtrate contained 0.0303 g of CaO and 0.387 g of SiO;, per liter.
A quantity of calcium aluminate extract was obtained by shaking
200 g of low-sulfate calcium aluminate cement (0.03 per cent of SOj;)
with 4 liters of distilled water for 3 hours, filtering, and diluting the
extract to 12 liters. The resulting solution contained 0.400 g of CaO
and 0.581 g of Al,O; per liter.?

2 Tt has been shown [9] that calcium aluminate solutions prepared from commercial calcium aluminate
cements are practically free of iron. More recent studies have revealed that the quantity of silica extracted
is so small that for the purpose at hand it may be neglected. The concentration of alkalies in the solution
should have been too low to be a factor of moment because: first, a low-alkali cement was used in their
preparation; second, a very high water-cement ratio was maintained; and, third, the solutions were sub-

sequently diluted.
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As shown in table 2, mixtures of the calcium aluminate and silicate
solutions were prepared in which the molar ratios of silica to alumina
varied between 1 and 4. Quantities of solid calcium oxide were then
immediately added to the mixtures in amounts sufficient to saturate
the solutions with calcium hydroxide (1.15 g of CaO per liter) and in
addition to provide molar ratios of total lime to alumina (CaO/Al,O;+
CaSi0;/Al,0;) varying between three and seven in the precipitates.
The precipitate in experiment 1, table 2, had the typical “silken”
appearance of suspensions of the hexagonal hydrated calcium alumi-
nates. This characteristic was exhibited in diminishing degree by
the precipitates in experiments 2, 3, and 4 and not at all by those in
experiments 5 and 6. The mixtures, in well-stoppered flasks, were
shaken for 15 minutes to disperse the added lime and thereafter at
hourly intervals during the first day. The flasks were stored in the
laboratory and subsequently shaken once daily in the course of the
first month, after which they were allowed to stand without shaking.
Samples of the precipitates were withdrawn at intervals for micro-
scopical examination.

TaBLe 2.—Preparation of hydrated calcium silicoaluminates

Composition of mixture Elapsed Molar ratios in precipitate
time Ca0
E L Calcul E 1 s
xperi- . analysis Jalculated 3y analysis
ment Cé%{fllllllir_n Calcium of sam- t%rfn
number hath silicate Solid ples of & Soln-
solu- | Sow, | C8O | precipl | Ca0 | CaSiO | CaO | CaSiOy | Hy03 | ftion
tion ! solution | Al20s3 Alx03 Al;03 Al03 AlO3
ml ml g Days g/liter
2, 000 1,769 6.04 27 3 1 2.95 1. 05 12.3 1.14
1, 000 1,769 3.69 60 1 2 2.00 2. 09 12.3 0.53
1, 000 1,769 4.33 59 3 2 3.00 2.05 13.5 1.11
1, 000 1,769 4.65 60 4 2 3.70 2.15 14.8 1.24
B B8 Cv 1, 000 2, 654 Bed| Lottt 3 Il SO (R R (T - b s
Gireaitz A2 500 1,769 3.47 198 3 4 3.38 4.27 19.2 1.09

1 Contained 0.581 g of Al;03, 0.400 g of CaO per liter.

2 Contained 0.387 g of SiO3, 0.0303 g of CaO per liter.

3 Determined after washing precipitate with alcohol and ether, and drying to constant weight in a desicca-
tor over calcium chloride.

The precipitate from experiment 1 became uniform in index of
refraction within about 1 week. Although very finely divided, it
appeared to be entirely composed of very small hexagonal plates,
frequently occurring in spherulitic groups. The crystals are uniaxial
negative and have the refractive indices, «=1.5384-0.003, e=1.523 4
0.003. Chemical analyses of the precipitate, after it had stood in
contact with solution for 27 days, gave the molar ratios shown in
table 2, which correspond to the formula 3Ca0.AlL,0,.CaSiO;.12H,0.
The X-ray diffraction pattern of the preparation is similar to those
of 3Ca0.ALQO;.CaS0,.12H,0 and of 4Ca0.Al,0,.13H,0 (or 3CaO.-
Alzf(l)%Ca(OH)z.mH?O), with a closer relationship to 4Ca0.Al;O;.-
13H,0.

In experiment 2, table 2, the preparation which contained CaO,
Al,O, and CaSiO; in the molar ratios 1:1:2 took up lime from solution
and gave molar ratios of 2:1:2 in the precipitate. The molar ratios
of the other analyzed precipitates agreed approximately with the cal-
culated values. All of the preparations listed in table 2, except that
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of experiment 1, contained considerable finely divided or amorphous
material as well as hexagonal plate crystals having the optical prop-
erties of 3Ca0.AL,0,.CaSi0;.12H,0. Their X-ray diffraction patterns
corresponded with that of this compound. It was concluded, there-
fore, that the only silicoaluminate formed in these mixtures is the
compound 3Ca0.Al,0;.CaS10;.12H,0.

After these determinations, the mixtures were allowed to stand
for an additional 3 years and samples of the precipitates were again
withdrawn for microscopical examinations. A new phase was then
observed in the precipitates. It appeared usually as long, thin,
needlelike prisms. In some preparations where the crystals had a
greater width, the prisms appeared to possess a hexagonal cross-
section. They are uniaxial negative, w=1.48740.003, e=1.479+
0.003. The crystals have parallel extinction and negative elongation.

Table 3 shows the approximate proportions of these crystals in the
various precipitates. In each precipitate the more abundant phase
consisted of the hexagonal plate form of silicoaluminate. No isometric
crystals were found, thus indicating the absence of members of the
garnet-hydrogarnet series [10].

TABLE 3.—Formation of needle crystals of calctum silicoaluminate in preparations
of table 2, after standing for 3 years in contact with lime solutions

Approximate molar :
: ratios in precipitate | APProximate :
Experiment ok geedle Ca0 in
number v SE solution
Ca0 CaSiO; crystals in
A0 AlL:Os precipitate
% g/liter
3 1 20 0.530
i 2 30 .344
3 2 40 .832
4 2 40 . 905
3 3 40 . 663
3 4 5 . 541

The needle crystals are believed to be a high-silica calcium silico-
aluminate, 3Ca0.Al,05.3CaSi0;. XH,O. The habit of these crystals
and the measured optical properties, except indices of refraction, are
identical with those of the high-sulfate calcium sulfoaluminate,
3Ca0.A1,0,.3CaS0,.31H,0. A water content of 30 to 32 moles is
tentatively assigned to the silicate compound by analogy with the
various similar calcium aluminate complex salts which have been
prepared.

The behavior of the low-silica form of calcium silicoaluminate in
converting slowly to the high-silica form is entirely similar to the
relations exhibited by the calcium sulfoaluminates. Thus, in the
preparation of the high-sulfate calcium sulfoaluminate, Lerch, Ashton,
and Bogue [2] observed that the low-sulfate compound was usually
obtained as an intermediate product, despite the presence of an excess
of CaSO,. The conversion to the more stable sulfoaluminate is
usually complete in about a week, whereas the corresponding trans-
formation, in the case of the silicoaluminate compounds, is incomplete
after 3 years, even in experiment 5, where CaQ, Al;O,, and SiO, were
in the proper proportions to form the high-silica product.
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The precipitates in experiments 4 and 5 of table 3 gave the X-ray
diffraction pattern of 3Ca0.Al;0;.CaSi0;.12H,0, together with ad-
ditional lines. Because of the obscuring effect of the stronger pattern
1t was not, possible to determine whether these additional lines indi-
cated an X-ray diffraction pattern similar to that of the high-sulfate
calcium sulfoaluminate.

The lime contents of the solutions after 3 years’ contact with the
silicoaluminate precipitates are shown in the last column of table 3.
These values indicate that the high-silica calcium silicoaluminate will
form in the presence of solutions containing between 0.3 and 0.9 g
of CaO per liter.

2. FORMATICN OF HIGH-SILICA CALCIUM SILICOALUMINATE
FROM MIXTURES OF CEMENT COMPOUNDS

In order to determine if hydrated calcium silicoaluminate will
form from mixtures of the various cement compounds in saturated
lime solution, the combinations of anhydrous calcium aluminates
and silicates shown in table 4 were prepared. The mixtures, which
contained the compounds in equimolar proportions, were added to
1-liter portions of saturated lime solution (1.15 g of CaO per liter)
and placed in tightly stoppered flasks, which were allowed to stand
for 3 years with occasional shaking. Samples were then withdrawn
for microscopical examination.

TaBLE 4.—Formation of needle crystals of calcium silicoaluminate in miztures of
cement compounds placed in saturated lime solution (1.15 g CaO per liter) and
allowed to stand for 3 years

: Approximate
Weight of : £
Experiment i mixture per | Proportion of 1 gaq jn
number Mixture ! volume of gﬁ%ﬁgﬁgiﬁa‘;g solution
lime solution : g
in product
g/liter % g/liter
B8-2Ca0.8i024+4Ca0.A1:03.FesO3_ ... __.__ 18 10 1.02
._-| B-2Ca0.8102+43Ca0.A1;03 el 10 30 g |
.| 3Ca0.Si0244Ca0.A1,03.Fe 03 25n¥ 10 15 1. 08
3Ca0.81034-3C80.A1508_ -l cceeoen 10 (1] 1.15

1 The mixtures contained equimolar proportions of the compounds.

As shown in table 4, all of the products, except that from the mix-
ture of tricalcium aluminate and tricalcium silicate, contained appre-
ciable amounts of the high-silica calcium silicoaluminate, which
appeared as well-developed needle-like prisms. Hexagonal plate
crystals were also present in the materials. No attempt was made
to identify the crystalline phases which made up the balance of the
products.

The lime contents of the solutions given in the last column of table
4, in conjunction with similar data in table 3, indicate that the high-
silica silicoaluminate can form in contact with solutions containing
calcium hydroxide in amounts between 0.3 g of CaO per liter and
saturation.

3. PREPARATION OF HYDRATED HEXACALCIUM ALUMINATE

Assarsson [5] observed the precipitation of needle-shaped hexagonal
prisms from extracts of monocalcium aluminate and high-alumina
cements. He assigned to this material the formula 5Ca0.Al;0;.34H.0,
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but stated, in his discussion of a paper by Bessey [6], that it seems to
be impossible to prepare the compound without any trace of sulfate.
Wells, Clarke, and McMurdie [7] failed to find such an aluminate in
the system CaO-ALO;—H,0 at 21° and 90° C, and suggested that it
may exist in the quaternary system CaO-ALQO; -CaSO,~H,0 as a meta-
stable phase. Bessey [6] expressed the opinion that the compound
may be related in structure to the high-sulfate form of calcium
sulfoaluminate.

The preparation of such an aluminate was attempted in order to
determine if the calcium sulfate in 3Ca0.Al,0,.3CaS0,.31H,0 can be
completely replaced by calcium hydroxide. It was anticipated that
the highly basic compound which might result from such replacement
would only be stable in contact with solutions containing high con-
centrations of calcium hydroxide.

Accordingly, an excess of calcium oxide was added to 500 ml of a
10-percent sugar solution, the mixture shaken for 3 hours, and filtered.
The filtrate contained 17 g of CaO per liter. A calcium aluminate
extract was prepared by shaking 50 g of calcium aluminate cement
(containing 0.03 percent of SO;) with 500 ml of water for 3 hours and
filtering. This extract contained 1.8 g of Al,O; and 1.2 g of CaO per
liter. The solutions were mixed and allowed to stand. Formation
of a precipitate began within a few hours. After 5 days, samples of
the precipitate and solution were withdrawn. Titration of the solu-
tion with standard acid showed a lime content of 9.06 g of CaO per
liter. The sample of precipitate was placed in a flask with 100 ml of
absolute alcohol and the mixture shaken for 1 hour to remove any
sugar from mother liquor adhering to the particles. The solid ma-
terial was then filtered off, washed with alcohol and ether, and dried
in air overnight.

Microscopical examination showed that the preparation consisted
of needle-like prisms entirely similar in appearance to crystals of the
high-sulfate form of calcium sulfoaluminate. The crystals are uni-
axial negative; w=1.4754-0.003 and e=1.46640.003. They have
parallel extinction and negative elongation.

Analysis of the preparation gave the following composition:

%
@) sontls 7 v ST G TORA et e P R RO el 32. 38
UGB 2 E e e R SR 0 N 9. 84
15110 s L N e e e R L O R 57. 46
A0 ) R A L ST LRSI A SE AT O S IR 99. 68

This corresponds to molar ratios of 5.98Ca0:1AL,0;:33H,0. Ac-
cordingly, the compound may be assigned the formula, 6Ca0.ALOQOs;.
33H,0 or 3Ca0.AL,0,.3Ca(0OH),.30H,0. Its X-ray diffraction pattern
is almost indistinguishable from that of 3Ca0.Al,0;.3CaS0,.31H,0.

It is believed that this compound and Assarsson’s pentacalcium
aluminate hydrate are fundamentally the same and that the lower
CaO/AL,O; ratio of Assarsson’s compound is caused by partial
hydrolysis.

Although qualitative tests of the 3Ca0.Al;0,.3Ca(OH),.30H,0
indicated the absence of sulfate, it seemed desirable to prepare it from
starting materials in which this constituent was entirely absent.
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Accordingly, a calcium aluminate extract was made from sulfate-free
3Ca0.5A1,0; and added to a lime-sugar solution prepared as before.
The resulting crystalline precipitate was identical in all respects with
that which resulted from mixing the extract of calcium aluminate
cement with lime-sugar solution.

III. SUMMARY

Two calcium silicoaluminates, apparently analogs of the high- and
low-sulfate forms of calcium sulfoaluminate, were investigated. The
low-silica silicoaluminate has the formula, 3Ca0.Al,0;.CaSi0;.12H,0,
and occurs as thin hexagonal plates. In contact with lime solutions,
it is slowly converted to long needle-like prisms whose habit and optical
properties are very similar to those of 3Ca0.Al,0;.3CaS04.31H,0.
The needle-form of the silicoaluminate has not yet been prepared in a
pure state but, by analogy with other similar calcium aluminate
complex salts, 1t has tentatively been assigned the formula, 3CaO.
Al,0;.3CaSi03.30-32H,0. It was also found in the following mixtures
of cement compounds, which had stood in contact with approximately
saturated lime solutions for 3 years: g-2Ca0.Si0, and 4Ca0.AlO;.
Fe,0;; -2Ca0.Si0, and 3Ca0.Al,O;; and 3Ca0.Si0; and 4CaO.
Al,O;.Fe;0;. The role of the silicoaluminates in the setting and
hardening of cements warrants further study. The close analogy
between the silico- and sulfoaluminates suggests the possible existence
of a solid-solution series between these compounds with the formation
of sulfo-silicoaluminates, somewhat similar to those reported by
Lafuma [8].

A hexacalcium aluminate hydrate was prepared that appears to be
the analog of the high-sulfate form of calcium sulfoaluminate in which
calcium sulfate is completely replaced by calcium hydroxide. Its
formula may be written as 3Ca0.Al,0;.3Ca(OH),.30H,0. This
compound would probably not form as a direct hydration product of
portland cement but might appear, under some conditions, as a solid
solution in the high-sulfate form of calcium sulfoaluminate.

The authors are indebted to H. F. McMurdie for making the X-ray
diffraction patterns of the preparations.
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the City of New York, under the sponsorship of the National Bureau of Standards. The tables
which have been made available through the National Bureau of Standards are listed below. A
list of other WPA tables obtainable elsewhere will be sent by the Bureau on request,

There is included in this list a publication on the hypergeometric and Legendre functions (MT15),
prepared by the Bureau.

MT1. TasLe or Tae FirsT Ten Powers or THE INTEGERS FROM 1 TO 1000: (1938) VIII-4-80 pages;
heavy paper cover. Out of print.

MT?2. Tasres or THE ExponenTIAL Funcrion e®: The ranges and intervals of the argument and
the number of decimal places in the entries are given below:

Range of x Interval of x Decimals given
—2. 5000 to 1. 0000 0. 0001 18
1. 0000 to 2. 5000 . 0001 15
2. 500 to 5. 000 . 001 15
5.00 to 10. 00 .01 12

(1939) XV +-535 pages; bound in buckram, $2.00.

MT3. Tasres or Circurar aAnp Hyeersoric Sines anp Cosines rorR RapiaN Arcuments: Con-
tains 9 decimal Flace values of sin x, cos x, sinh x, and cosh x for x (in radians) rangingifrom 0 to
2 at intervals of 0.0001. (1939) XVII+4405 pages; bound in buckram, $2.00.

MT4. TasLes or SiNes ANp Cosines For RApiaN Arcuments:{Contains 8 decimal place ‘values of
sines and cosines for radian arguments ranging from 0 to 25 at intervals of 0.001. (1940) XXIX
-+275 pages; bound in buckram, $2.00,

MTS5. Tasres or Sine, Cosing, AND ExponenTiAL INTEGRALS, VOLUME I: Values of these functions
to 9 places of decimals from 0 to 2 at intervals of 0.0001. (1940) XXVI-{-444 pages; bound in
buckram, $2.00.

MT6. Tasres or Sing, CosiNe, AND ExpoNENTIAL INTEGRALS, VOoLuME II: Values of these functions
to 9, 10, or 11 significant figures from 0 to 10 at intervals of 0.001 with auxiliary tables. (1940)
XXXVII+225 pages; bound in buckram, $2.00.

MT?7. Tasre or NaturaL LocariTrMs, Vorume I: Logarithms of the integers from 1 to 50,000 to
16 places of decimals. (1941) XVIII+4501 pages; bound in buckram, $2.00.
’

MTS8. Tasres or Prosasmity Funcrions, Vorume I: Values of these functions to 15 places of
decimals from O to 1 at intervals of 0.0001 and from 1 to 5.6 at intervals of 0.001. (1941)
XXVIII4-302 pages; bound in buckram, $2.00.

MT9. Tasre or NaTURAL Locarirams, Vorume II: Logarithms of the integers from 50,000 to
100,000 to 16 places of decimals. (1941) XVIII+-501 pages; bound in buckram, $2.00.

MT10. Taste or NaTurAL LocArrrams, Vorume III: Logarithms of the decimal numbers from
0.0001 to 5.0000, to 16 places of decimals. (1941) XVIII+501 pages; bound in buckram, $2.00.

MT11. Tasbtes or THE MoMENTs OF INERTIA AND SecTION MoObputt or OrpINARY ANGLEs, CHAN-
NELs, AND Burs Ancres witeH CerTAN Prate ComsiNaTions: (1941) XIII 4197 pages; bound in
green cloth. $2.00. :

MT12. Taste or Naturat Logarrrams, Vorume IV: Logarithms of the decimal numbers from
5.0000 to 10.0000, to 16 places of decimals. (1941) XXII--506 pages; bound in buckram, $2.00.

MT13. Taste oF Sve AND CostNe INTEGRALS FOR ARGUMENTS FROM 10 T0 100: (1942) XXXII 4185
pages; bound in buckram, $2.00.

MT14. TasLes or ProsasiLiry Funcrions, VoLume II: Values of these functions to 15 places of
decimals from 0 to 1 at intervals of 0.0001 and from 1 to 7.8 at intervals of 0.001. (1942) XXI+4-344
pages; bound in buckram, $2.00.

MT15. Tue HyprerceomeTRIC AND LEGENDRE FuncTions WiTH ArpLicATIONS TO INTEGRAL EqUA-
TIoNS OF PoTEnTIAL THEORY. By Chester Snow, National Bureau of Standards. Reproduced
from original handwritten manuscript. (1942) VII+4319 pages, bound in heavy paper cover
$2.00.

MT16. Tasie or Arc Tan x: Table of inverse tangents for positive values of the angle in radians,
Second central differences are included for all entries. x={0(.001)7(.01)50(.1)300(1)2,000(10)
10,000;12D} (1942) XXV 4169 pages; bound in buckram, $2.00.

{Continued on p. 4 of cover]
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MT17. Miscerraneous Prysicar Tasres: Pranck’s Rapiation Funcrions (Originally published
in the Journal of the Optical Society of America, February 1940); and Erectronic FuNcTIONS,
(1941) VII 458 pages; bound in buckram, $1.50.

MT18. TasLe OF THE ZEROs OF THE LrGENDRE PoLynomiars or OrpEr 1-16 AND THE WEIGHT
Corrricients *oR Gauss' MecuanicAL QuapraTure Formura. (Reprinted from Bul. Amer.
Mathematical Society, October 1942.) 5 pages, with cover, 25 cents.

MT19. O~ tae Funcrion H (m, a, x)=kexp (—ix)F (m+1—ia, 2m+2; ix); with table of the
confluent hypergeometric function and its first derivative. (Reprinted from J. Math. Phys.,
December 1942.) 20 pages, with cover, 25 cents.

x x
MT20. TasLE OF INTEGRALSJ; Jo(t)dt and J; Yo(t)dt. (Reprinted from J. Math. Phys., May
1943.) 12 pages, with cover, 25 cents.

MT21. TaBLE OF ]io(x)-—:j; ’b?‘)dt AND Recatep Funcrions. (Reprinted from J. Math. Phys.,
June 1943.) 7 pages, with cover, 25 cents.

MT22. T asie oF Coerncients IN NUMERICAL INTEGRATION FormuLAe. (Reprinted from J. Math.
Phys., June 1943.) 2 pages, with cover, 25 cents.

MT23, Tasre or Fourier Corrricients. (Reprinted from J. Math. Phys. Sept. 19043.) 11 pages,
with cover, 25 cents.

MT24. Corrricients FOR NUMERICAL DirrereNTIATION WiTH CENTRAL DirFerences. (Reprinted
from J. Math, Phys., Sept. 1943) 21 pages, with cover, 25 cents.

MT25. Seven-Point LAGRANGIAN INTEGRATION Formuras. (Reprinted from J. Math. Phys.,
Dec. 1943.) 4 pages, with cover, 25 cents.

MT26. A Suort Tasie or THE Fmst Frve Zeros or THe TrANscENDENTAL EqQuATION
Jo(x)Yo(kx) — Jo(kx)Yo(x)=0. (Reprinted from J. Math. Phys., Dec. 1943.) 2 pages, with cover,
25 cents.

MT27. Tasie or Coerricients FOR INvERSE INTERPOLATION wiTH CENTRAL Dirrerences: (Re-
printed from J. Math. Phys., Dec. 1943.) 15 pages, with cover, 25 cents.

1
MT28. TABLE OF fu(x)= (x—:/li)—' Ja(x). (Reprinted from J.!Math, Phys.,[Feb. 1944.) 16 pages, with
cover, 25 cents.

MT29. Tasie or COEFFICIENTS FOR INVERSE INTERPOLATION WITH ADVANCING DIFFERENCES.
(Reprinted from J. Math. Phys., May 1944.) 28 pages, with cover, 25 cents.

MT30. A New Formura ror INvErse INTERPOLATION. (Reprinted from Bul. Amer. Mathe-
matical Society, Aug. 1944.) 4 pages, with cover, 25 cents.

MT31. CoErrriciENTS FOR InTERPOLATION WITHIN A SQUARE GRID v THE CoMmpLEX Prane. (Re-
printed from J. Math. Phys., Aug. 1944). 11 pages, with cover, 25 cents.

Payment is required in advance. Make remittance payable to the *“National Bureau of Standards™
and send with order, using the blank form facing page 3 of the cover.

A mailing list is maintained for those who desire to receive announcements regarding new tables
as they become available.
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