


Rogers” Inorganic
Pharmaceutical Chemistry






- Rogers’ Inorganic

Pharmaceutical Chemistry

By
Taito O. Soine, Ph.D

Professor of Pharmaceutical Chemistry, University of Minnesota

AND

Charles O. Wilson, Ph.D.

Dean of the School of Pharmacy and Professor of Pharmaceutical Chemistry,
Oregon State University.

Seventh Edition, Thoroughly Revised
Illustrated

LONDON
HENRY KIMPTON
134 GREAT PORTLAND STREET, W.1
1961



Seventh Edition
Copyright @ 1961 by LEA & FEBIGER
All Rights Reserved
First Edition, 1930
Second Edition, 1936
Third Edition, 1943
Fourth Edition, 1948
Reprinted, 1948
Reprinted, 1949
Fifth Edition, 1952
Reprinted, 1953
Sixth Edition, 1957

The use of portions of the text of the United States Pharmacopeia Sixteenth
Revision, official October 1, 1960, is by permission received from the Board
of Trustees of the United States Pharmacopeial Convention. The said Board
is not responsible for any inaccuracies of the text thus used.

Permission to use for comment parts of the text of The National Formulary,
Eleventh Edition, in this volume has been granted by the Council of the
American Pharmaceutical Association. The American Pharmaceutical Asso-
ciation is not responsible for any inaccuracy of quotation nor for any errors
in the statement of quantities or percentage strengths.

Printed in the United States of America



PREFACE TO THE SEVENTH EDITION

Tais work has been revised so that it may be used advantageously
with the United States Pharmacopeia XVI and the National
Formulary XTI by students of pharmacy and pharmacists. The basic
principles on which the book was originally written have remained
unchanged and will be found in the Preface to the First Edition.

In the sixth revision of this text the authors have made every
effort to include new and current materials and, in particular, to
provide a treatment for new chemicals that have been introduced
into the official compendia. The revisions of the official compendia
have been notable in the fact that they have finally dropped from
official recognition certain compounds which have long been con-
sidered of doubtful value. Among these are the hypophosphites
and glycerophosphates and certain of the acids. Nevertheless, it
is deemed advisable to retain a brief discussion of these for the
present revision of the text at least because lack of official recogni-
tion does not automatically remove these chemicals from considera-
tion as therapeutic agents. In the future, as they drop more or
less completely from common usage, they will also be deleted from
consideration in the text. It is our belief that teachers and students
of pharmacy will find these valuable for reference purposes. The
alphabetical arrangement of the compounds of each element, based
on the Periodic Table, and the monographic treatment character-
istic of the book in the past has been retained. The authors feel
that this mode of presentation permits the instructor to adopt any
method of presentation he prefers and provides the student with a
relatively complete consideration of any useful compound being

considered.
Tarro O. SoiNE

CaarLes O. WILsoN
Minneapolis, Minnesota
Corvallis, Oregon

(5)



“f rmlfl |1v|'|' E
-, ) -n,i.r‘ Wl -|n I. :

24

g 4

"

. T:u! ll'r‘ip TR T o
B,y 13 |1'!" HI:I:I--I:IH: d =it 4101 il nmm aﬁ ity
1o r‘uli;ﬂ*ri!-n .mhn B Bl < ik g
<o ke BodcRouT oilt "; gheitaige vl
u|[ﬂ' P l.‘.m.lﬂ - Biygieety | quﬂnl
: !'lﬂ' . N b bl T b ovihoge I
l
S LT T ETTI TC E ET T
RS '.lhnf'l PR, 3 ‘ fjnﬂﬂp AR
el “I-“m'.l!.{l‘ L ul‘l"l l‘i.hm A’nh.
Al . [V gl s By JJJN‘,T;J..; -l
| ) ol : a1 Filtd el A5k hfulﬂ.{ | ,w_m-'. e
i o 1Y iR .'I'HI”'TI Ll :
Qﬂl.i“ ‘H‘l:;lwf u".i‘li ’I :
RITTUENERT
SETRUREIINN (-
| T it B S PO )]
.;" . | , ‘ln ‘ "L'l‘in_‘\‘.*’;i.“tq'ln

il 'uu.'ndl},ip.{' FoAr i quiiEhe (i st w1
M it oresige dar qﬂm En_r[r..u af Myl T8
: 'r}fl Tor s e ltrl# it fhress
b 1 ‘}‘w!‘l-l s i ,I:H“ Betsgens il 04
N ot R ity i
B (sl Myl & i SRR b i il Iu||.-|
. i : TS JEiT = . : ) W:L%F) i
.4 xl "': g ey AL . -
. e b.’lﬁé\l *‘ SR _p' )
: e s g I bl | Alneai ?F
b (| i ": l;.-l#"'"". . f . :

I' 1 'N].'_tm
Vo s -l




CONTENTS

CHAPTER
1. Atomic Structure and Chemical Bonding .
2. Oxygen and Ozone
3. Hydrogen ) .
4. Water and Hydrogen Peroxide . .
5. Nitrogen, Nitrous Oxide and Ammoma
The Halogen Family: Gloup VIIB ..
6. Fluorine .
7. Chlorine
8. Bromine
9. Iodine
10. Acids
11. Solutions and Solublhty Phenomena
The Alkali Metals . . ;
12. Lithium and thhlum Compounds :
13. Sodium and Sodium Compounds :
14. Potassium and Potassium Compounds .
15. Rubidium and Cesium
16. Ammonium Compounds .

The Coinage Metals

7.
18.
19.

Copper and Coppe;' Compounds
Silver and Silver Compounds
Gold and Gold Compounds .

Group II Elements .

20.

21.
22.
23.
24.
25.
26.

Beryllium and Magnesmm S
Calcium and Calcium Compounds .
Strontium and Strontium Compounds .
Barium and Barium Compounds

Zine and Zine Compounds g
Cadmium and Cadmium Compounds .
Mercury and Mercury Compounds

Boron, Aluminum and the Metals of Group III.

Boron and Boron Compounds ’

Aluminum and Aluminum Compounds :
Scandium and Yttrium and Their Compounds .
Gallium, Indium and Thallium and Their Compounds
The Rare-Earth Metals . .

Group IV Elements.

32.
33.
34.
35.
36.

Carbon and Carbon C ompounds

Silicon and Silicon Compounds . . :
Titanium and Zirconium and Their Compounds :
Germanium and Tin and Their Compounds

Lead and Lead Compounds .

(7)

489

493
497
506
510
514
520



8 _ Contents

CHAPTER PAGE
Group V and VB: The Nitrogen Family . . . . . . . . 529
37. Phosphorus . . SO T L L 538
38. Arsenic and Arsenic Compounds 4 ol DS
39. Antimony and Antimony Compounds . . . . . . . 549
40. Bismuth and Bismuth Compounds . . 556
41. Vanadium, Columbium and Tantalum and Then Compounds 566
Group VI . S il
42. Sulfur, Selemum and Tellu11um and Their Compounds .. .. 078
43. Chromium and Chromium Compounds . 588
44. Molybdenum, Tungsten and Uranium and Then Compounds 593
Subgroup VIT A . . . R L s o 1500
45. Manganese and Manganese Compounds SRR S L S600,
Group VIII . . . s L B e (T 607
46. Iron and Iron Compounds R R et s 610
47. Cobalt and Cobalt Compounds . . . . . . . . . 636
48. Nickel and Nickel Compounds . . e .. manl 01639
49. The Platinum Metals and Their Compounds B ogadigdal 11643
50. The Inert Gases . . ... . 649
51. Radioactivity and the Radloactlve Elements S 1
Appendix . e L Anglisatn ol Ol 671
Effect of pH on Ind1v1dual Drugs . S RS v
Frequently Used Prefixes, Suffixes and Abbrewatlons AL - 674
Definitions . . Rk U r e R e B LA 675
Electromotive Series of the Metals N o e i s 67
Isotonic Solutions . . e BT
Method of Calculation for Isotonlc Solutxons - s - D BR()
Sodium Chloride Equivalents for Isotonic Collyria . . . . . 683
Inorganic Nomeneclature . . . . . . . . . . . . 68
HYATCIVEISEEE.  ~ - o s e e e E o aksshediel J ) 68T
IWateTaBRIEN. = . 5 o o dweineer et A O s benaks 6RO
Efflorescence . . gl et TR it e sl .15 690

Hygroscopic Property SR R e AU 7 e 15 AEC600)



Rogers’ Inorganic
Pharmaceutical Chemistry

CHAPTER 1
ATOMIC STRUCTURE AND CHEMICAL BONDING

ALL matter is made up of elements, which are either combined or
uncombined. How these combinations occur and what the compo-
sition of an element is have been questions of man for centuries.

The Greek philosophers proposed the “continuous” theory of in-
finite subdivision with no unit and the “atomistic” theory of multiple
units called atoms.

About 1805 John Dalton proposed his “Atomic Theory.” In
brief it is:

1. All elements consist of minute discrete particles called atoms.

2. Atoms of a given element are alike and have the same mass.

3. Atoms can not be subdivided nor those of one element changed

into another.

4. Atoms are incapable of being destroyed or created.

5. Atoms of different elements differ, each element having unique

atoms.

6. Chemical reaction is the combination of atoms in definite nu-

merical proportions.

The points of Dalton’s theory are all quite well agreed on and
have guided chemical thinking since their inception. Statements
2, 3, and 4 are not necessarily true in light of recent research on
atomic structure.

Due to some brilliant research, we now have a fairly clear picture
of atomic structure. The particles of an atom which are of concern
to pharmaceutical inorganic chemistry are the electron, proton and
neutron. The general configuration of an atom is often likened to
a planetary system with protons and neutrons as the nucleus and
electrons moving in elliptical or circular paths about the nucleus
(see Fig. 1).

The modern interpretation, however, is that electrons do not
travel in fixed orbits and that the electron cloud concept is more
valid. In the hydrogen atom, for example, one pictures a spherical
cloud which has the greatest density near its nucleus, 7.e., where the
electron is found most often. Nevertheless, the older representation
shown in Figure 2 is useful as a bookkeeping method and rather

(9)



10 Atomic Structure and Chemical Bonding

vividly portrays the two main divisions of the atom, namely the
nucleus and the orbital electrons. The carbon atom is represented
as having a nucleus of six neutrons and six protons (a mass of 12)
surrounded by six electrons in two shells of 2 and 4 electrons each.

Fic. 1

The electron represents the elementary unit of negative electricity
and a mass of g%y of a proton, so small that it is ignored for prac-
tical purposes. The proton has a mass of one and a positive elec-
trical charge equal to that of the electron (negative). The hydrogen
ion is identical with the proton. Neutrons have been found to be
neutral particles within the nucleus having about the same mass
(one) as the proton.* It might be that a neutron is a specific union

6 protons (P)
6 neutrons (N)
6 electrons (x)

} nucleus

Fia. 2.—Typical Carbon Atom.

1 The actual atomic weights are:

1.00785 Neutron = 1.00866
1.0073 Electron = 0.00055

H atom
Proton

I



Atomic Structure and Chemical Bonding 11

of a proton and an electron to give a neutral mass of approximately
one but yet differs from a hydrogen atom.

Atoms, of the elements then, in simple terms are represented by
a systematic addition of neutrons and protons to the nucleus and
addition of electrons to the outer area equal to the number of pro-
tons so that electrical neutrality is maintained. A series can now
be visualized starting with one proton and one electron (Hydrogen
atom), next two protons and two neutrons with two electrons (Heli-
um atom), etc. The number of protons are always equal to the
number of electrons (Atomic Number). The number of neutrons
and protons are equal only for the lightest elements. Within the
same element, atoms containing different numbers of neutrons ac-
count for isotopes. Isotopes are atoms of elements differing only in
mass but having the same electron configuration and, therefore, the
same chemical properties. An example is natural oxygen containing
0% (99.7579%) with 8 neutrons, OV (0.039%) with 9 neutrons and
08 (0.204 %) with 10 neutrons. These isotopes account in part for
the fractional atomic weights of the elements. For example, if
natural carbon atoms all had 6 neutrons the atomic weight would
be 12 but, as we know, this is not the case.

For convenience, as indicated earlier, the electron arrangement
about the nucleus is considered to be planetary with the electrons
moving about the nucleus in characteristic orbits. Each electron
spins on its axis in a manner similar to the earth. The electrons
arrange themselves about the nucleus in energy levels (shells) or
quantum states.

Table 1 shows the elements arranged according to their atomic
number and increasing number of electrons. Usually the electrons
in the outer shell are responsible for chemical reactions in compound
formation. Up to chromium this is quite true but from here on
with the heavier elements some electrons in the next to last shell are
available for chemical reaction. This, as will be seen later, helps
explain the several valence possibilities of some elements (Cu, Cr,
Mn, Au, Fe, etec.

Considering the nuclei of atoms to be made up primarily of pro-
tons and neutrons one wonders what holds this together. Protons
are positive and should repel each other and the neutrons should
have no effect. Physicists are undecided as to the right explanation
but “Nuclear Forces” are at play. We must, at present, accept
the theory of nuclear positive charge equal to the negative charge
of surrounding electrons.

Periodic Table.—During the growth of chemistry and the dis-
covery of the elements it became more and more evident that the
elements were related in some way. We are all now familiar with
the various families: alkali metals, alkaline earth metals, coinage
metals, halogens, etc. By 1868-1870, sufficient chemical data was
available to prompt Mendeléeff of Russia and Lothar Meyer of
Germany, each working independently, to suggest a periodic table.



12 Atomic Structure and Chemical Bonding

They assumed that the properties of elements were a function of
their atomic weights but today it is known that the properties are
better based on atomic number.

Table 1 shows that, in general, elements with the same number of
electrons in their outer orbits will have similar chemical properties.
The Periodic Table was based on this observation of similar chem-
ical properties but was done before electron distribution was fully
understood. There have been several forms or arrangements of the

TaBLE 1.—ELECTRONIC DISTRIBUTIONS

Atomic
Element No. 1s 2s 2p 3s 3p 3d 48 4p 4d s
ER 1 1
He 2 2
Li 3 2 1
Be 4 2 2
B 5 2 2. M
C 6 2 2 2
N 7 2 2 3
(0] 8 2 2 4
F 9 2 2 6
Ne 10 2 2 6
Na 11 2 2 6 1
Mg 12 2 2 6 2
Al 13 2 2 6 1
Si 14 2 2 6 2 2
P 15 2 2:116 2113
S 16 2 2 6 2 4
Cl 17 2 2 6 2 5
A 18 2 2 6 2 6
K 19 2 2 6 2 6 1
Ca 20 2 2 6 2 6 2
Se 21 2 2 6 2 61 Z
i b 22 2 2 6 206l 2
v 23 2 2 6 211618 2
Cr 24 2 2 6 2 6 & 1
Mn 25 2 2 6 2 6 5 2
Fe 26 2 2 i8 287 ¢ 2
Co 27 2 2 6 28| 2
Ni 28 2 2 6 2 6 8 2
Cu 29 2 2 6 2 6 10 1
Zn 30 2 2 6 2 6 D 2
Ga 31 2 2 6 2.6 19 Ze 1
Ge 32 2 2 6 2 6. 10 2 2
As 33 2 2 6 2 6 10 253
Se 34 2 2.6 2 6 10 2 4
Br 35 2 2 6 2 6 10 2.5
Kr 36 2 2 6 2 6 10 2 6
Rb 37 2 2 6 2 610 2 6 1
Sr 38 2 2 6 2 6 10 2 6 2
Y 39 2 2 6 2 6-10 2361 1 2
Zr 40 2 2 6 2 6 W 26 2 2
Cb 41 2 2 6 2 6 10 2 6 4 1
Mo 42 2 2 6 2 6 10 2 8.4,b 1
Te 43 2 2 6 2 6 10 2 6 6 1
Ru 44 2 2 6 2 6 10 SNBT 1
Rh 45 2 2 6 2 6. 10 2 6 8 1
Pd 46 2 2 6 2 8120 2 610
Ag 47 2 2 6 2 6 10 28 6410 1
Cd 48 2 2116 26 10 2 610 2



Atomic Structure and Chemical Bonding

TasBLE 1.—ELEcTRONIC DIsTRIBUTIONS— (Continued)

Atomic

13

Element No. 1s 235 20 3s 3p 3d 4s 4p 4d 4f 6s 6p 6d 6f 6s 6p 6d 7s

In 49 2 2 6 2 6 10 2 6 10 2ivl

Sn 50 2 2 6 2 6 10 2 6 10 2 2

Sb 51 2 2 6 2 6 10 2 6 10 2 3

Te 52 2 2.6 2 6 10 2 6 10 2 4

1 83 2.2 6 26 10 2610 2 5

Xe 54 2 2 6 2 6 10 2 6 10 2 6

Cs 60 226 31 8 " 107 S3¥G. 10 2%6 1
Ba 68 212 w62 16 110 2 1:6::10 2 6 2
La DI REER6 20 61 1002 610 206" 1 2
Ce a8 226 2 6 102 6 10 .2 276 2
Pr SOWIIIEGT D6 10 216710 1328 2
Nd 60712 2.6 26 .10 216110 «4 2:16 2
Pm 6l 2 2 6+2 6 10206 40 25 2°6 2
Sm 62 2 2 6 2 6 10 2 6 10 6 2 6 2
Eu 8313152 6.2 61 1011216110/ 1°F "2 6 2
Gd B4 22 520612 8 104246110 17, 20,641 L 2
Tb 66 2 2 6 2 6 10 2 6 10 9 2 6 2
Dy 66 2 2 6 2 6 10 2 6 10 10 2 6 2
Ho B0 w2 260216 110 2160001 1 :2-46 2
Er G822 06 2. 6 10 :2 .6 10812 206 2
Tm 69 2 2 6 2 6 10 2 6 10 13 2 6 2
X¥b 70 %242 6. "2 610728 10" 1412 1§ 2
Lu b2l 2. 66, 2 61042 J611E0 L4 12 160 T 2
Hf 2202 "6:.2 16 ,10."2 ;61034 2 -8 2 2
Ta 73 2 2 6 2 6 10 2 6 10 14 2 6 3 2
w 740292162 6 1072611011147 2. 6.4 2
Re 75 2 2 6 2 6 10 2 6 10 14 2 6 5 2
Os 76 2 2 6 2 6 10 2 6 10 14 2 6 6 2
Ir 77 2 2 6 2 6 10 2 6 10 14 2 6 9

Pt 821206 .2 6110 2961014 43¢ 6/ 19 1
Au 79052206 .2 6 .10 .2.6,10 4. .2 6. 30 1
Hg 00232 6 2 6. 10 206 10014 =20 g 10 2
4n Syt 2°°2°46 2 6 102610 14 2 "6 10 241
Pb 82 2 2 6 2 6 10 2 6 10 14 2 6 10 2 2
Bi 83 2 2 6 2 6 10 2 6 10 14 2 6 10 2 3
Po 84 2 2 6 2 6 10 2 6 10 14 2 6 10 2 4
At 85(12:12-6'12 6 10" 216 10 141126« 10 2 5
Rn 86 2 12..6. .2 6,10,2,:6./10} 14 .,2:,'6:,10 2 6
Fr 87 2 2 6 2 6 10 2 6 10 14 2 6 10 2 6
Ra 8 2 2 6 2 6 10 2 6 10 14 2 6 10 2 6
Ac 80 2.2 6 2 6 10 2 6 10 14 2 6 10 2 6
*Th 9 2 2 6 2 6 10 2 6 10 14 2 6 10 216
*Pg GLNZNI2R0 "2 16 10° 52760 1O NI4T 20T 0N 2 16
*U 92 2 2 6 2 6 10 2 6 10 14 2 6 10 3 2 6
*Np 9802 6.2 6 10:,.2: 6. 0. Ay, 2 06 104 2.6
*Pu 94 2 2 6 2 6 10 2 6 10 14 2 6 10 56 2 6
*Am 95121 28602 6 10127 107 142N 60 108 165216
*Cm 96,2420 602 .6 .10 20630 14 -2 6. 107 2 /6
*Bk 97 2 2 6 2 6 10 2 6 10 14 2 6 10 8 2 6
*Cf GRIN2N 2RI 6112 ‘6 10" "2F 61 10 194U 2 6 Iagigl 218

* Probable structures.

(Inorganic Chemistry by Therald Moeller, John Wiley & Sons, Inec.,
pp. 98-101, 1952.)
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14 Atomic Structure and Chemical Bonding

Periodic Table. The one given as Table 2 suits explanations in
pharmaceutical chemistry quite well.

In examining the Periodic Table note that there are eight groups
or, that after every eighth element (for Periods II and III) the
properties begin repeating themselves which necessitates listing so-
dium under lithium, magnesium under beryllium, ete., thus “build-
ing” the Periodic Table. The name implies that the properties of
elements occur in periods.

With each increase in atomic number (a like increase in electrons)
the valence possibilities of the elements change. Every so often
(Group O or the inert gases) an element appears with no chemical
properties (will not form compounds). These are always preceded
by an element with seven electrons in the outer shell and succeeded
by an element with one electron in the outer shell. The atoms of
the elements in each group in the Periodic Table nearly always have
the same number of electrons in the outer shell. This fact accounts
for the similarity in chemical properties for elements in the same
group.

Beyond Argon (2-8-8) the electron structure becomes more com-
plicated and necessitates a division into A and B subgroups. The
horizontal periods II and III are called the “typical elements.”
Within these the elements in each vertical group show some simi-
larity. In the following periods, IV to VII, the subgroups are ex-
pressed as A and B. In following through with the atomic numbers
it will be noted that elements in A come first and in B come later in
their respective periods. Group VIII elements in the center of the
table bring together the subgroups A and B. The complexity of
the larger elements allows grouping elements of atomic number
58 to 71 which all resemble lanthanum 57 into Group IITA (Period
VI). Likewise, the elements of atomic number 89-101 are similar
to actinium 89 and are arranged as part of Group IITA (Period VII).

It may easily be seen that the elements within a group, in general,
possess the same number of electrons in their outer shell. Like-
wise, across a period the elements progressively increase by one
electron. Chemical activity in general increases for the listed ele-
ments in descending order for a group except for Group IB and the
halogens.

In a given period metallic properties decrease as the atomic num-
ber increases. In a group the metallic properties increase down-
ward. This change in metallic character is gradual and there are
certain intermediate elements possessing both metallic and non-
metallic character which are termed metalloids (e.g., germanium
and arsenic).

Valence and Chemical Combination.—Much has been learned in re-
cent years about how and why chemical combinations occur.
Valence is concerned with the combination of elements and how the
attraction is maintained. It explains the completely ionic compounds
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16 Atomic Structure and Chemical Bonding

(NaCl), partly ionized compounds (MgSO,), non-ionized compounds
(CCly) and complex compounds (Ag(NHj3),NO;).

Valence is difficult to define in that atoms unite in different ways
but in all cases there is an electrostatic attraction. Perhaps it is
simply best to consider it the power or ability of elements to com-
bine with one another. A chemical bond is more definite because
we visualize two chemical units as being held together by some
force. Going back to Table 1 of electron distribution we note that
the ability of elements to combine depends upon their extranuclear

TABLE 3.—ELECTRONEGATIVITIES OF THE ELEMENTS,* ACCORDING TO PAULING
(Nature of the Chemical Bond, Cornell University Press)

1 2 3 4

T T
| | |
1L | IH | |
i | i |
na Li Be B c N F
L I i |
z i ' | !
S 31 Na Mg A SiTIPT s cl :
© ] | | |

o
z ! : ' |
sS4 Kca sc Ti As se pr |
2 | [ :
2 | I I
S5 RbISr AN Sb: Te | II |
1 1 |
ki < B
= |

6 Cs Belz i : :
: | | I
1 1 | |
0 1 2. 3 4

Electronegativity
(General Chemistry by A. W. Laubengayer, Rinehart & Co., Inc., New York,
p. 174, 1953.)

* Electropositivity is another term, usually used in referring to the relative tend=
ency of metals to give up an electron and thus go to a more electropositive condition.

structural arrangement and the number of electrons. Generally
speaking, the electrons in the outer shell of an element determine
much of its valence characteristics.

Valency may be considered under the following four categories:
(1) electrovalency, (2) covalency, (3) co-ordinate covalency, and
(4) other bonding forces.

(1) Electrovalence exists between two chemical entities of opposite
charge. This situation occurs when electrons are taken up or sur-
rendered by the uniting particles. Valence of this type is present
particularly between the strongly metallic (Group I and IA) or
strongly electropositive elements (see Table 3) and the strongly



