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Arr. XXXI.—On Numerical Relations existing between the Equiv-
alent Numbers of Elementary Bodies ; by M. CAREY LEA, Phil-
adelphia. Part IL.

(Concluded from p. 111.)
On Geometrical Ratios existing between Equivalent Numbers.

THE First Part of this paper was devoted to the examination
of relations between the equivalent numbers of certain element-
ary bodies depending upon the number 4445, and it was
attempted to show :—

1st. That such relations extend to nearly all the elements:—

2d. That the particular groups collected together by this rela-
tion consist of bodies whose properties are analogous, and that
the classification is in harmony with the distinguishing charac-
teristics of the substances classified.

The first portion of this Second Part will present a species
of relation wholly distinct, it is believed, from any that has hith-
erto been pointed out, and which may be not inappropriately
termed Geometrical Ratios, to distinguish them from the more
familiar arithmetical relations which have been heretofore exclu-
sively studied by chemists.

The arithmetical relations are susceptible of at least an hypo-
thetical explanation, on the supposition that the common differ-
ence in a series of elements may represent the equivalent num-
ber of a substance as yet undetermined, which, by its combina-
tions in varying proportions, gives rise to the bodies constituting
the successive terms of the series. The analogies which are now
to be considered are more difficult of explanation, even by hy-
pothesis, Their accuracy, sometimes absolute, renders improb-
able the supposition that they are mere casual coincidences. In
science it is not permitted to neglect facts merely because we
cannot satisfactorily account for them.

The nature of these relations consists in this, that if we take
two substances and examine the ratio which subsists between
the numbers representing their atomic weights, we may find
in certain cases, that it is identical with the ratio subsisting
between the atomic weights of two other substances, and so on
through a considerable number of elements. The ratio between
the atomic weights, for instance, of oxygen and nitrogen, is that
of four to seven, so likewise is that between those of zirconium
and potassium, potassium and barium, with absolute exactitude.
‘What renders this the more remarkable is, that all three of these
last substances are striking exceptions to Prout’s law that the
equivalents of the elements are exact multiples of that of hydro-
gen; they all have decimals, zirconium 224, potassium 89-2,
barium 686. Now the ratio just mentioned gives these num-
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bers with their decimals with perfect exactness. The same spe-
cies of relation exists between many other elements, as will be
seen by the table below :—

(1)
Oxygen-Nitrogen Ratio, or that of Four to Seven.
Atomic wts. Atomic wts.
calculated. rcceived.
Nitrogen = 14, 4of 14 = 8 Oxygen —= 8
Barium — 686, £ “ 686 — 392 Potassium —39-2
Potassium — 892, 4 % 392 — 224 Zirconium —22-4
Calcium = 20, $£4% 20 = 1143 Magnesium =12
Magnesium — 12, $¢ 12 = 686 Glucioum —=T7¥
Strontium — 4375, 4 ¢ 4375= 25 Titanium =25
Lead —=1085, 4 ¢« 10385 = 5916 Tin =59
Antimony —=120'3, 4 “ 1203 — 6876 Vanadium —68-60
Bismuth — 208, 4« 208 =11884 Antimony —120-3
Mercury =100, 44100 = 5716 Cadmium =56
$ ¢ 5716= 3266 Zinc =32'60
Molybdenum — 48, 44 48 = 2742 Chromium —26-70
Chlorine = 855, 44 355 —= 2028 Silicon =21
Fluorine = 19, 4% 19 = 1086  Boron =109¢
Boron = 109, %% 109 = 623 Carbon =6

It will be remarked that mercury, cadmium and zinc are here
again brought together. Although four-sevenths of the atomic
weight of mercury is not that of cadmium exactly, nevertheless
four-sevenths the resulting number so obtained, viz. 57°186, gives
for the atomic weight of zinc 32'66, an exceedingly close ap-
proximation.

The last three equations in the table show us that the atomic
weight of silicon stands nearly in the same numerical ratio to
that of boron, as that of chlorine does to that of fluorine, and
that both these ratios, especially the latter, approach nearly to
that existing between the atomic weight of boron and carbon.

Now as the atomic weight of boron is by no means positively
determined, it may be allowable to examine how far an hypo-
thetical number will fulfill these several ratios. Let us assume:—

Fluorine : Chlorine : : Carbon : Boron
we find :—
Chlorine 35:5 X Carbon 6
Fluorine 19

and obtain for the hypothetical equivalent of boron the number
11-21 (neglecting the last decimal figures).

Let us now examine how far the number 1121 will fulfill the
second proposed ratio, viz.

Carbon : Boron : : Boron : Silicon

=11-2104,

* Taking Glucina as G203. 1 See Jahresbericht, 1858.
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(Boron 11:21)2
Carbon 6
a close approximation to 21, the received number.

we have =920944 :—

If; therefore, we assume the atomic weight of boron to be a
mean proportional between those of carbon and silicon, which we
may do by an alteration certainly within the bounds of possible
error in determinations so far made, we find that the proportion
between the weights of carbon and boron, of boron and silicon,
is the same as that between those of fluorine and chlorine.

(2.)
Carbon-Nitrogen Ratio, or that of Three-Sevenths.
The atomic weight of Carbon stands to that of Nitrogenin the
ratio of 3 to 7, a proportion which is found exactly or approxi-
mately to extend to certain other elements.

Nitrogen =14, $of 14 — 6 Carbon = 6
Fluorine =19, 2% 19 = 814 Oxygen = 8
Iron =28, 2« 28 =12 Magnesium — 12
Cerium =47, 2« 47 =2014 Calcium =20
Phosphorus =31, & ¢ 31 =1829 Nitrogen =14
Bromine =280, & “ 80 =—=23429 Chlorine =855
Arsenic =175 2% 75 =8214 Zinc =326
Lead = 1085 & “ 1035 =444 Strontium =43"75
Cadmium =56, 2 “ 56 —24 2 Magnesium — 24
Uranium =60, & “ 60 =—2571 Chromium =— 267
(3.)

The proportions expressed by the preceding tables may be dif-
ferently presented, and perhaps rendered more striking. ~As the
numbers which express the equivalent weights of the elements
are altogether relative, it is of course a mere question of conven-
ience which is selected as unity. If in place of adopting the
equivalent of one substance, as that of hydrogen or oxygen, as
a permanent unit, we successively make those of the substances
contained in the right hand column of the table in section 1. our
unit, and consider the effect of such a change upon the equiva-
lents of the substances contained in the left-hand column, we
shall obtain the following results:

Making the

equivalent of Oxygen 100, the eq. of Nitrogen becomes 175
“ Potassium 100, “ ¢ ¢« Barium “ 175
“ Zirconium 100, % ¢ ¢« Potassium “« 175
“ Titanium 100, « ¢ ¢ Strontium “« 175
“ Tin 100, « ¢ « Lead “ 1754
“ Vanadium 100, ¢ ¢« ¢ Antimony “ 1749
“ Boron 100, % ¢ ¢ Fluorine “ 17438

&e, &e.
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The same view may be extended to Section 2. Assuming the
atomic weight of the substances in the left-hand column succes-
sively as unity, or one hundred, we obtain the following results:

Making the
equivalent of Nitrogen 100 that of Carbon  becomes 42-8
Fluorine 100 ¢ % Oxygen e 4241
Iron ©~ 100 “ “ Magnesium “ 42'8
Cerium 100 ¢ ¢ Calcium “ 426
&e. &e.

It is therefore clear that the atomic weight of each substance
in the left hand column of these several tables bears to that of
the corresponding substance in the right-hand column a definite
numerical ratio, which is identical, or nearly so with that borne
by the atomic weight of any other substance in the same column
of the same table to that of the corresponding substance in the
other column.

(4.)

‘We have seen that many elements stand to other elements in
the same relation as nitrogen to oxygen—many in the same rela-
tion as nitrogen to carbon. Apart from these more general ra-
tios, many elements may be classed together in double or treble
pairs, such that the two elements in one pair stand to each other
1in the same numerical ratio as the two elements of a second or
third pair, the two elements constituting each pair being more
or less closely allied to each other in properties, though the pairs
are not necessarily analogous with those with which they are
compared.,

For example, arsenic stands to antimony in the same numeri-
cal ratio as selenium to tellurium, within an extremely small
fraction, so that by multiplying and dividing we have :—

Tellurium 64

Arsenic 75 X Selenium 40

=120, Antimony = 1203,
So in like manner magnesium stands to zirconium in the same
ratio as fluorine to chlorine :—

Chlorine 855

Magnesium 12 X Fluorne 19 =2242, Zirconium — 2240,

So carbon stands to boron in the same ratio as silver to gold :—

Gold 197
Carbon 6 X She 108 — 10-94, Boron = 10-90.

These ratios, as well as those that follow, are very close approx-
imations, certainly within the limits of error which may easily
exist in the determinations on which we depend. For antimon
we find 120, the recent determinations vary from 119 to 122, that
which appears most reliable is 1203, as adopted by the Jahres-
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bericht. In the second case, the number found for zirconium
varies but ;%1 from that generally received. In the third, the
number found for boron is intermediate between the number
adopted in the Jahresbericht 10-90 and that found by Deville, 11.
Discrepancies such as these are trifling in the extreme, and have
not the slightest real significance.

Phosphorus stands to nitrogen in nearly the same ratio as
strontium to calcium :—

Calcium 20
Strontium 43-77

Tin stands to titanium in nearly the same ratio as iron to mag-
nesium :—

Phosphorus 31 X — 1416, Nitrogen = 14.

. ium 12 S
Tin 59 X %%1%];81— = 2528, Titanium — 25.
Tin stands to zinc in almost exactly the same ratio as gold to
silver, or as boron to carbon :—

. Silver 108 oo
Tin 59 XWW = 32'35, Zine = 3260,
Carbon 6 .

1 0 —oz' Z = 00,
Tin 59 X Boron 109 3248, Zinc =8 2'60

These and many other analogies of the same character are
brought together in the following table, by which the ratios of
comparison between each pair are shown, up to the second place
of decimals, beyond which it is pseudo-accuracy to go, in view
of the data.

. . . Te 64
Ratio of tellurium to selenium, or Sed0 = 1-60
Ratio of anti 1 i Sb120 _ 1-60
atio of antimony to arsenic, or As 75—
. o . Zr 22:4
Ratio of zirconium to magnesium, Mgiz = 187
. . Cl 855
Ratio of chlorine to fluorine, TIJT =187
B 10
Ratio of boron to earbon, 0—69 = 1'82}
. . Au 197
Ratio of gold to silver. Ag108 — 1 82v
Ratio of strontium to calcium, _S_rﬂ =219
Ca 20
Ratio of phosphorus to nitrogen, }r;—f% =221

SECOND SERIES, Vor. XXIX, No. B7.—MAY, 1860
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Ratio of iron to magnesium, 5‘%?: = 2'38
Ratio of tin to titanium, ?E—zg = 2:36
Ratio of tin to zing, ZS;35296 = 181
Ratio of gold to silver, i-—;—% = 182

Ratio of calcium to magnesium, Mg 12

K 392
Na 23
As 15
P31 "
Co 295
Mg iz
Ni 296
Mg 12
Pb 1085 _
“Sn59
Cd 56
Zn 326

Ratio of potassium to sodium,
Ratio of arsenic to phosphorus,
Ratio of cobalt to magnesium,

Ratio of nickel to magnesium,

Ratio of lead to tin,

. A . Zr 22°4 .
Ratio of zirconium to aluminum, A7 — 1-64
Ca 20 .
l
e
|
Ratio of cadmium to zine, }
(5)

It has been the object of this paper to develope as far as pos-
sible those numerical relations existing between the atomic
weights of the elements which have not been previously ob-
served, It is, perhaps, impracticable in the present state of
chemical science to explain why such relations should exist,
nevertheless, nothing which tends to an exacter knowledge
of the laws which govern the proportions in which the elements
combine should be neglected. In this way, little by little, the
materials are collected for future generalizations, with the rea-
sonable hope of eventually arriving at an intimate knowledge
of the true constitution of the materials which compose our globe.

The substances which compose the chlorine group form a well
marked family to which fluorine seems also to belong. The
analogies which unite chlorine, bromine and iodine, appear to
multiﬁly with each new investigation of their properties. By
none have they been more strikingly illustrated than by the re-
cent experiments of Pliicker on the spectra obtained from the
light of electric dischiarges through gases in a state of extreme
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rarefaction, demonstrating that those given by Cl, Br and I, re-
sembled each other in exhibiting great numbers of black lines
of extreme fineness, so fine indeed as to be almost mathematical
lines, and that in this respect these elements differed wholly from
all others. With so remarkable an experiment as this before us,
supported by the very numerous other relations which exist be-
tween these substances, we might naturally look to find striking
numerical correspondences between their atomic weights, but
the analyses upon which we at present depend give us numbers
which afford no relations positively exact. Of the four num-
bers 19, 855, 80 and 127, two are prime, one fractional, and one
has many divisors. Such numbers are very unpromising for
the development of numerical relation.

Thus far, however, at least relations do exist: that it is pos-
sible to express the value of the equivalent of any one of these
substanees in terms of any two of the remaining—each equiva-
lent is a function of any other two, thus:—

I =10Cl—-12F a2 B;—7_I
5Br—F I412F
I= 3 Cl= 10
12 Br—2 CI Br—7F
I = — Cl_—6——
Br=6CI—-7F p — 00T
B 201471 12
BT p _ 6Cl=Br
pr— 31ETF -
- 5 F =5Br-31

If these equations represented approximations, no matter how
close, they would not be worthy of consideration. They are
perfectly exact. The quasi-connection of oxygen with this se-
ries will be pointed out further on.

(6.)

It has been remarked that the atomic weights of the members
of the oxygen series proper differ from each other by whole
multiples of the atomic weight of oxygen, but the extent to
which differences of this kind exist amongst the atomic weights
of the elementarﬁr bodies has perhaps not been pointed out.

The elements having the highest atomic weights are bismuth
and gold, commencing with the first of these substances, and
diminishing its atomic weight successively by whole multiples (in
one case by a sub-multiple) we obtain the following results :—
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It has not been usual to classify vanadium, osmium or ruthe-
nium with the arsenic series, but Schafarik in a paper on the
vanadium compounds,* and Hallwachs and Schafarik in a sub-
sequent papert on allied subjects (to neither of which the author
had access while engaged on the first part of this paper except
in the form of a brief notice) are of opinion that vanadium
should be removed from the molybdenum group in which it has
heretofore been classed, and be transferred to the arsenic series,
an opinion which they support by arguments founded on the
fact that the specific volume as well of vanadic acid as of the

* Sitzungsbericht of the Acad. of Sciences of Vienna, Bd. xxxiii, ext. in Chemisches
Centralblatt, 1859, 97.
+ Same vol. of Sitzungsbericht, ext. in Chemisches Centralblatt, 1859, p. 161.



between the Equivalent Numbers of Elementary Bodies. 857

metal itself, corresponds with those of the metals of the arsenic
series, viz.:

Specif. Vol
Vanadic acid, VO, 265
Arsenious acid, AsO, 266
Antimonic oxyd, SbO, 259
Bismuthic oxyd,  BiO, 25:9% 2844

They also point out the fact that vanadinite (vanadinbleierz) is
isomorphous with the analogous compounds of the arsenic series,
mimetene (kampylit) and pyromorphite. Professor Mallet has
shown that reasons can be given for classifying osmium also in
the arsenic series.}

Again, commencing with gold we obtain the following succes-
sion of numbers.

m:"“" 196 Gold =197
X1 { 108 Silver =108
8 100 Mercury =100
8 { 92 Tungsten = 92
8)(3«}{ 64 Tellurium = 64
8 { 56 viiviiiiiiiiinnn, Cadmium =56
8 48 Molybdenum = 48
8 40 Selenium = 40
8 82 viviiinnnnn ceraes Zine =826
8Xx2 16 Sulphur = 16
8 8 Oxygen = 8§

In an interesting paper published in the Memoirs of the Am.
Acad. of Boston, vol. v, Prof. J. P. Cooke, of Harvard Univer-
sity, attempted a classification of all the elementary bodies by
making them all functions of a general series of the form a+dz,
By giving fixed values to a and d particular expressions were
obtained, giving rise to series by the changes in the value of the
variable «. These particular series were characterized by the
value of d, which in different series became successively 8, 4, 5,

* Boullay. {+ Karsten, 1 Am. Jour. Science, xxix, 49,
§ If to the at. wt. of Li which may be taken at 7, we add 16=2X 8, we have 23
the exact at. wt. of Na, and a further addition of 16 gives very nearly the at. wt. of K.
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6, 8 and 9. The values of a were likewise always small, never
exceeding 8. The values of 2 were restricted to whole numbers.

This view, although new and ingenious, is evidently exposed
to a serious objection: the series include too much. The form
entitled by Prof. Cooke the “Three Series,” and expressed by
14-8x, includes one-third of all possible whole numbers, and so
to a proportionally great extent with all the other forms. As
the author did not make positive exacthess essential, it is evi-
dent that a wide scope was given for the classification of elements
under any particular series: therefore this theory could only
find favor as far as it might be made to conform to a wholly un-
objectionable classification of the elements. In this it only par-
tially succeeded, as will appear from an examination of the sub-
stances included in the various groups.

In the first series, chromium, manganese, osmium and geld
are classed as affiliated to the chlorine group, into which however
the series only admits fluorine with an error of 2, or 12 per cent.

In the second, arsenic and manganese are made affiliated with
the sulphur group, which includes also molybdenum, vanadium,
&e.

In the third, oxygen is classed with the nitrogen-phosphorus
group, into which antimony only enters with an error of 7-7.*

In the fifth we find tin and titanium, the platinum group, gold,
mercury, and most of the magnesia group.

In the sixth we have part of the remainder of the magnesia
group, the metals of the alkaline earths and Ilead, the alkaline
metals, hydrogen and silver, with copper and manganese as
affiliations. Rendering all justice to the author for the origin-
ality and ingenuity of his views, it must be admitted that the
flexibility of his series hasled to a classification not in all re-
spects supported by analogies. Five out of his six series con-
tain one or more members of the magnesia group either directly
or as affiliated members.

Dumas has followed out these ideas of Prof. Cooke and ex-
tended them. In place of referring his series to the type of the
formic acid series alone, he includes the types of substituted am-
moniums and stannethyls, under the general form na+xd+yd’';
thus adopting an expression even more general than that of
Prof. Cooke, but restricting it more closely in its application.

Perhaps the most beautiful and important of the relations

ointed out by Dumas, are the parallel series of numbers, which
ﬁy the subtraction of each term of the one from the correspond-
ing term of the other, exhibit a constant difference within a cer-
tain degree of approximation.

# This probably arises from the fact that the equivalent of antimony as generally
received at the time when Prof. Cooke wrote was higher than it is now known to
be, and by diminishing the value of the variable = corresponding to this term, by 1,
a nearer approximation would be obtained.
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The analogies pointed out in the several parts of this paper
evidently lead directly to the construction of series of the same
kind some of which, together with others depending upon yet
different relations are given below.

—Oxygen =—38 Chlorine =355 Bromine =80 Todine =127

—Zine =-—326 Magnesia =12 Cadmium =56 Lead =1036

24'6 235 24 235

In connection with these two parallel series we may remark
that oxygen appears to constitute a negative term in the chlorine
series, precisely as nitrogen does in the phosphorus and zinc in
the cadmium series, with considerable approximation to exact-
ness. If the atomic weight of chlorine were taken at 86 instead
of 855 it would constitute an exact numerical mean between
the atomic weights of bromine and oxygen supposing the latter
to be taken with a negative sign. We have before seen that ni-
trogen, the negative member of the phosphorus series, is less
closely allied with the rest than they are with each other. Still
greater is the step between chlorine and oxygen, so great in-
deed that it is very doubtful whether they can properly be
classed in the same series, although certain cases of isomorphism
can be urged in favor of such a classification.

We here see a new instance of the existence of the relation
of 44—45 developed in the first part of this paper.

Differ- Calculated Received
ences. equivalents. equivalents.
- 8 - - Oxygen = 8
41 8 - . Chlorine = 35
44 80 - - Bromine = 80
44 % 124 - - Iodine =127
Gold =197 M =1562'5 Silver =108  Mercury =100
Mercury =100  Cadmium = 56  Magnesium = 12  Glucinum = 47
97 965 96 953

M here represents a possible metal as yet unknown. In the
first part of this paper mention was made of the possibility of
the existence of such a metal, having an atomic weight repre-
senting the arithmetical mean between those of gold and silver.

Bismuth =208 M’ =164 Antimony =120'83 Lead =1085

Antimony =120'3 Arsenic = 76 Phosphorus = 31  Nitrogen = 14

811 89 893 895
In this double series we find nearly the same number (89 ap-
roximatively) obtained by subtraction, as by addition in the
ast of the double series, part first, section 8, If in that just
presented we replace lead by arsenic and give a negative sign to



360 M. C. Lea on Numerical Relations, §ec.
the atomic weight of nitrogen, we shall still have a number con-
forming to the character of the series, viz., 89.

In this and the following series the symbol M’ represents a
possible metal constituting an intermediate term between anti-
mony and bismuth. That such a metal might exist was pointed
out in the consideration of the phosphorus series.

Bismuth =208 M’ =164 Antimony =120'3  Arsenic =75
Gold =197 M =152'5 Silver =~ =108 Copper =634
11 116 123 116

M as before represents an hypothetical metal having for its
atomic weight a mean term between those of silver and gold.

Uranium 60 Vanadium 68-6 Tungsten 92

Magnesim 12 Calcium 20 Strontium 4375
T a8 186 4825
Molybdenum 48  Vanadium 686  Tungsten 92 2 Tantalum 1376
Magnesium 12 Zince 326  Cadmium 56  Mercury 100
36 36 36 816

The parallelism between the three first terms of these last two
series commencing respectively with molybdenum and magne-
sium is positively exact, perhaps the only known case in which
absolute exactitude obtains. It is probable that other cases of
parallel series exist, and will be discovered.

It is not easy to fix the exact amount of importance which
attaches to the numerical relations up to this time ascertained to
exist between the atomic weights of the elements. Some are no
doubt mere casual coincidences, and relations remarkably ex-
act and symmetrical may exist between the atomic weights of
bodies which have no analogies in their properties: for example
we may take calcium 20, selenium 40, uranium 60, bromine 80,
mercury 100. Here the differences are not only exact, but all
the subsequent numbers are multiples of the first, and this be-
tween bodies remarkably dissimilar in their properties—a strik-
ing proof of the necessity of caution in inferring relations of
properties as following from relations of numbers. But on the
other hand, to reject the relations of number when accompanied
by analogy of properties, as unmeaning and unimportant, would
be to err quite as much on the other side. 'When the received
equivalent of an element forming a term in a well marked series
differs from that obtained by calculation, it naturally leads, as
Prof. Mallet has remarked, to suspect an error and desire a re-
determination. The fact that a group of elements allied in their
chemical characters may be arranged in a series having a com-
mon difference or a definite ratio between its terms, confirms the
propriety of -grouping those elements together, and such analo-
gies may in doubtful cases assist us in arriving at a correct clas-
sification.

Philadelphia, Feb, 27, 1860.





