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Ob ATOMHOM OBbEME MPOCTbIX TE/T

[. MeHgeneesa.

B cTaTbe, NOMeLLEHHOM B KypHane Pycckaro
Xummnyeckaro Obuwectsa (Tom 1-i, cTp. 60), A
cTapancs nokasaTb nepuoanYecKyto
33aBUCUMOCTb MeXAay CBOMCTBAMU 31€MEHTOB
M  BENMUYMHOIO WX aTomHaro Beca. B
npeanaraemoit ctatbe A HamepeH AoMNOHUTb
CKasaHHoe.

Bce rpynnbl CXOAHbIX 3/1eMEHTOB MOTYT 6bITb
pasfeneHbl Ha 2 rnasHble pa3paga: B OAHeX
M3 rpynn cxoAHble 3N1eMeHTbl NPeacTaBAAloT
3HauuMTe/IbHOE  pPas/iniMe B BEJINYUHE
aTOMHaro  Beca; Cloga  NPUHALIERUT
60/IbLUMHCTBO NPOCTbIX T€/1 U OHWU MOTYT BbITb
pacnpegeneHbl Mo Be/IMYMHE aTOMHaro Beca B
rpynnbl COBEPLIEHHO CUMMETPUYECKHUSA, ACHO
MOKasblBaOLLUA nepuoauyecKkyto
3aBWCMMOCTb CBOWCTB OT BE/IMYMHBI aTOMHAro
BECA, KaK 370 BWAHO W3 Mpwuiaraemaro
npumepa.

ON THE ATOMIC VOLUME OF SIMPLE
BODIES

D. Mendeleev.

In an article published in the Journal of the
Russian Chemical Society (Volume 1, page 60), |
tried to show the periodic relationship between
the properties of the elements and the
magnitude of their atomic weight. In the
present article | intend to supplement what has
been previously said.

All groups of similar elements can be divided
into two main categories: in one of the
categories, similar elements exhibit a
significant difference in atomic weight; most
simple bodies belong here and they can be
distributed in terms of the atomic weight into
completely symmetrical groups, clearly
showing the periodic dependence of the
properties on the atomic weight, as can be seen
from the attached example.

Li=7 Be=9,4 B =11 C=12 N =14 0=16 F=19
Na= 23 Mg= 24 Al=27.4 Si=28 P =31 S =32 Cl=355
K =39 Ca=40 — — _ _
Cu=63.4 Zn=65.2 — As =75 Se=79.4 Br=80
Rb= 85.4 Sr=87.6 — — — —
Ag=108 cd=112 — Sn=118 Sb =122 Te = 128? ) =127
Cs=133 Ba = 137 — — — —




3TKM  rpynnbl  MOXHO 6bl10  6bl  cuMTaTb
NoAOOHbIMM TOMOJIOTUYECKUM, €eCcnnbbl He
BXOAMIM B HWUX TaKME UNeHbl, KoTopble

pa3pbiBalOT NOC/e0BaTE/IbHOCTb B USMEHEHUU
CBOWCTB. TaK B NepBOM rpynne co Lea04YHbIMU
MeTa/llaMW COMOCTaBAATCA Meab M cepebpo
Mexay Kanvem, pybugmem wu uesmem. Yto
Takoe conocTaBfeHMe umeeT 3a cebs
MHOYECTBO XMMWYECKMX [OaHHbIX, B 3TOM
COMHEBATbCA HEBO3MOXKHO. TaK M3BECTHO, YTO
cepebpo B CBOEW OKUCWU NpPeacTaBAseT MHOrMo
CXOACTB C HaTpMEM: a30THocepebpsaHylo conb
HeNb3s  OTAENUTb  KpUCTanamsauuero  oT
a3oTHoHaTpoBoi. M3omopdusm npoasnaercs
TaK¥XKe U MeXKay COeANHEHUSMM 3aKUCU Meaun U
oKucn cepebpa; nonyxnopuctaa megdb, Kak
Xnopuctoe cepebpo WM XJOPUCTbIN HATPUNA,
Kpuctannusyetca Kybamu. CoBeplweHHO B
TAaKoWM 3aBMCMMOCTM, KaKyl0 Mbl 3amMeyaem
MeXay Megpto u  cepebpom C oaHON M
LLEe/I0YHBbIMW METaNlamMu C APYroi CTOPOHbI, B
TAKOW e 3aBUCUMOCTU CTOAT UMHK M KagMuii B
paay METaNNoB  LE/IOYHbIX 3eMefb;  UX
NPUXOAUTCA  TaKKe  MOMECTUTb  Mexay
Ka/bUMEM, CTPOHUMEM M Bapuem, XOTA OHU U
NnpeacTaBAAOT NPEUMYLLECTBEHHOE CXOACTBO C
MarHmem, Kak meapb u cepebpo c HaTpuem.
Ecnmbbl BblAENUTb 3TW ABE rPynmnbl 3/1E€MEHTOB
M3 nepBbiX ABYX PALOB, TO NpUWAOCH 6Obl
3HAYMTENIbHO YC/IOXHUTL KnaccuduKaumio, He
aocturas npuTom ocoboli NpoCTOTbI.
MpuBeaeHHoOe Bbllle COMOCTaBAEHUE, NpwU
YyKasaHHOW ero ocobeHHOCTW, npeacTaBnset
OZIHAKO Y}Ke 3HauyuTeNlbHoe 4Mcno Bbirod. OHe
COCTOAT MPEeMMyLLECTBEHHO B cneaytowem: 1)
OCHOBbIBaACb Ha BE/AMYMHE aTOMHaro Beca,
TaKas cuctema BblpaykaeT HarnagHo
XMMMYECKOe CXOACTBO, onpenenser CTeneHu
coeiMHeHMa ¢ Kucnopogom 1); 2) oHa
COOTBETCTBYET pasfefieHno 31eMeHTOB Ha
MEeTaN/Ibl U METANIONAbI, MOTOMY YTO Ha O4HOM
CTOPOHE TrPYNNUPYIOTCA  NPEenUMYLLECTBEHHO
nepeble pogbl NPOCTbIX TeA, a Ha Apyrou
cTopoHe—apyron poa; 3) oHa oOTBevyaeT MU

These groups could be considered as
homologous if there were no terms in them that
break the sequence in changing properties. So,
in the first group with alkali metals, copper and
silver are placed between potassium, rubidium,
and cesium. It is not possible to doubt that this
placement accounts for much chemical data.
Thus, it is known that silver in its oxidized state
has many similarities with sodium: silver nitrate
cannot be separated by crystallization from
sodium nitrate. Isomorphism is also manifested
between the compounds cuprous oxide and
silver oxide; cuprous chloride, like silver chloride
and sodium chloride, crystallizes in cubes. We
note that the relationship between zinc and
cadmium and the alkaline earth metals is
exactly the same as that between copper and
silver on the one hand and the alkali metals on
the other. They [zinc and cadmium] also have to
be placed between calcium, strontium, and
barium, although they have a better
resemblance to magnesium, like copper and
silver do with sodium. If we could distinguish
these two groups of elements from [those in]
the first two rows, then we would have to
significantly complicate the classification,
without, at the same time, achieving any
particular simplicity. With its specific features,
however, the above comparison already
furnishes a considerable number of benefits.
They consist mainly of the following: 1) based on
the magnitude of the atomic weight, such a
system clearly expresses the chemical similarity
and determines the degree of combining with
oxygen 1); 2) it corresponds to the separation of
elements into metals and metalloids, because
on the one side the first classes of simple bodies
[metals] are mainly grouped, with the other
class [metalloids] on the other side; 3) it
corresponds to the atomicity of the elements in
the form in which it is usually recognized;
indeed, the elements of the first column are
monatomic, the second, third, and fourth
represent di-, tri-, and tetraatomic elements;

1 06 sTom npeameTe caenaHo MHOIO nocse cbesaa ocoboe coobuieHme B Hyp. Pyc. X. O6wectsa. 1870r. Nel.

After the Congress, | made a special report on this subject in J. Russ. Chem Soc. 1870. Ne1.




aTOMHOCTM 3/IEMEHTOB B TOM BUJE, B KAKOM ee
OObIKHOBEHHO  MPU3HAIOT; [EWCTBUTE/NbHO,
3NeMeHTbl nepBaro crosbua OAHOATOMHbI,
BTOpPAro, TPETbAro M YeTBepTaro nNpeacraBaatoT
ABYX, TPEX W YeTblpex-aTOMHble 3/1eMEHTbI;
3IeMeHTbl  nATaro cronbua Tpex-aTOMHbI,
LecTaro—/1ByaToMHbl, " ceabmaro
0AHOaTOMHbI;—4) nNpuM 3TOM Takasa cucTema
cONMKaeT cxoAHble 3NeMeHTbl  Pas3NUYHbIX
rpynn, Takne Hanp. Kak 6op, yrnepoa, KpemHuit
N aNtoOMUHKUIM; 5) OHa A0 HEeKoTopoW cTeneHu
YACHAET TOMONIOTMYHOCTb, AlaBHO 3aMeYeHHYIO B
Be/IMYMHE aTOMHbIX BecoB ANA Ten OAHOM

onpeaeneHHol  rpynnbl;  6)  31eMeHTbl
Hanbonee pas/MyHble MO  XMMMUYECKOMY
XapaKTepy  OKasblBaloTcA W Haubosee

yAaneHHbIMK No 3TOM cucTeme.

the elements of the fifth column are triatomic,
sixth diatomic, and the seventh monatomic; 4)
at the same time this system brings together
similar elements of different groups, such as, for
example, boron, carbon, silicon and aluminum;
5) to some extent, it clarifies the homology that
has long been noted in the magnitude of atomic
weights for the bodies of one particular group;
6) the elements most diverse in chemical
character are also the most remote in this
system.

Opyroii paspsag rpynn CXOA4HbIX 3/1€MEHTOB
COCTaBAAIOT TaKMe, KoTopble MMeT 6ansKue
aToOMHble Beca. Mexay HumM Hambonee
M3BECTHbl YeTbipe rpynnbl: 1) meTannsbl
LepuToBble: LEPWU, NaHTaH M AMAUMWUNA, Naun
92—95; 2) meTansibl KenesHoM rpynnbl: XPOM,
MapraHeu, Keneso, KobanbT U  HUKKENb,
MMeloLLMe aToMHbIM Bec oT 51 pgo 59; 3)
MEeTaN/bl, CXOAHbIE C Nannagnem, aTOMHbI BEC
KoTopbix 104—106, 1 4) meTannbl NN1aTUHOBOW
rpynnbl, Kyda nNoO CNpaBegiMBOCTM  O0J/IKHO
OTHECTW, Kpome NAATUHbI, UPUOMA U OCMMUA,
TaK¥XKe M 3071070, CXO4HOE C HUMW He TOIbKO Mo
atTomHomy Becy (197—199), HO ¥ no
60/bLUMHCTBY OCHOBHbIX CBOMCTB. ITU Fpynnbl
META/N/IOB  UMEIT B BbllWE MNpPUBEAEHHOM
cucteme COBEpLUEHHO onpegeneHHoe
NoJIoXKeHWe MO BeJIMYMHE UX aTOMHAro Beca u
oT4yacTu no XUMUYECKOMY Xapakrepy
06pa3oBaHHbIX MMM coeauHeHuid. [pynna
»Kesesa cocTaBafaeT nepexoq oT HeAoCTaloWwmX
YNeHoB nocnegHux ctonbuos K mean. Xpom
BeCbMa YyAO0O6HO MOXHO MNOCTaBUTbL B pAL,
KUCNOpOZa, MeXAy Cepold U CesieHoM,
nogobHO TOMY KakK Melb CTAaHOBUTCA Mexay
Kanvem u pybuanem. [leiicTBUTENbHO, XPOM B
BMOE XPOMOBOW KWUC/AOTbl  NpeacTaBaferT,

Another category of groups of similar elements
is composed of those that have close atomic
weights. Between them, four groups are best
known: 1) the cerium metals: cerium,
lanthanum and didymium, mass 92-95; 2)
metals of the iron group: chromium,
manganese, iron, cobalt and nickel, having an
atomic weight from 51 to 59; 3) metals similar
to palladium, the atomic weight of which is 104-
106, and 4) metals of the platinum group, to
which—apart from platinum, iridium and
osmium—it is fair to include gold, which is
similar to them not only in terms of atomic
weight (197-199), but also in most basic
properties. These groups of metals have in the
above-mentioned system a completely definite
position based on their atomic weight and partly
on the chemical nature of the compounds
formed by them. The iron group is the transition
from the missing members of the last columns
to copper. Chromium can be conveniently
placed in line with oxygen, between sulfur and
selenium, just as copper is between potassium
and rubidium. In fact, chromium in the form of
chromic acid presents a remarkable
resemblance to sulfuric acid, as is well known to
everyone, which is particularly pronounced in




M3BECTHOE BCEM, 3aMeuyaTesibHOe CXOACTBO C
CepHoto KMCNOTOLO, 0cob6eHHOo pesko
npossaatoWwEeecs B  TOM  3HAYUTENbHOM
nogobum, kakoe umetor SO?CI2 u CrO?CI2.
BAnKanLWmMIA K XpOMY aHaNor Kene3HoW rpynnbl
ecTb mapraHel,. Ero aTomHbIn Bec 6osiblue, Yem
XpOMa, W €ero MOXHO MNOMeCcTUTb B paay
ranovpos. MapraHeu, npeacraBafeT C HUMMU
TAKOe e CXOACTBO B BbICLIEN CTENEHW CBOErO
OKMCNEHMA, KaK XPOM C cepoto. [1eCTBUTENBHO,
MapraHuoBokanuesaa conb  KMnO?%  Kak
M3BECTHO, M30MOpdPHa U  uypesBblHalHO
CXOACTBEHHA, Jaxe Nno yAenbHOMYy Becy, C
XN0pHOKanuesoto conbio KCIO* 3a mapraHuem
cnepytoT  Keneso, KobanbT M HUKKENb,
npeacrasafaowWme, U No BeJNYMHE ATOMHAro
BeCa, M N0 XMMUYECKOMY XapaKTepy, a TakXKe U
no cnocobHocTM o06pasoBaTb Pas3NUYHbIA
CTENEHW OKWUC/IEHMA, ABCTBEHHbIA Mepexos K
megn. K rpynne Kesnesa nNpPUMBbIKAOT €O
CTOPOHbI XPOMa A,Ba APYrMX SNeMeHTa BaHaanM
H TWTaH, pasuTesbHOe noaobue KOTOpbIX C
coegMHeHnammn ¢dochopa W  KPeMHMA He
NOANEXUT HU ManeneMy COMHEHUIO.

the significant similarity that SO,Cl, and CrO,Cl,
have. The closest analog to chromium in the
iron group is manganese. Its atomic weight is
greater than chromium, and it can be placed in
the series of halogens. Manganese presents
with them [the halogens] the same similarity in
its highest degree of oxidation as chromium
does with sulfur. Indeed, the manganate
potassium salt KMnO, is known to be
isomorphic and extremely similar, even in
specific weight, to the chlorate potassium salt
KCIOs. Manganese is followed by iron, cobalt,
and nickel, representing, in both atomic weight
and chemical properties, as well as the ability to
form different degrees of oxidation, a clear
transition to copper. The iron group is adjoined
on the chromium side by two other elements,
vanadium and titanium, the striking similarity of
whose compounds with those of phosphorus
and silicon is not subject to the slightest doubt.

Psaa unpKoHus (90), HMobuA (96) n monnbaeHa
(94) coBeplIeHHO TOYHO OTBEYaEeT pAayY TUTaHa,
BaHaAMA M XpOMa W A0JIXKeEH BbITb NOCTaB/EH B
COOTBETCTBEHHbIX MECTaX HWMMKe Ha3BaHHbIX
METaNNoB, a B pafe pyTeHWAa M nannagus
e/1Ba/IM MOXKHO OTPULLATb aHaIOrUIO C XKEeNe3om,
KobanbToM M  HUKKenem. T[lo BenuumHe
aTOMHaro Beca 3TW 3/IeMEHTbl COCTaBAAIOT
nepexog K cepebpy, KaK 3/1eMeHTbl Kene3Hown
rpynnbl— K Meaun. B TOM ke Camom MoIoXKEHUN
HUMKE 3TUX METaI/IOB A0/IKHO ByAeT NOMECTUTb
NAaTMHy, OCMWIA, UPMAMIA U 3010TO. B 3TMx
rpynnax nogobue BblpaxkaeTcs He TONbKO B
cxopcTse cTeneHel okucnenma (RO, R203, RO?),
HO TaKXe W B TaKMX MNpuU3HaKax, Kak
CNOCOBHOCTb AaBaTb aMMMUaYHbIA COeAMHEHMS,
XapaKTepusytowmaca 0611Een3BeCTHbIMM
npu3HaKkamu, NPMHaaNEeXaLMMm B
OAMHAKOBOMN Mepe M aMMMaYHOKOBaNbTOBbIM,

The zirconium (90), niobium (96) and
molybdenum (94) series exactly corresponds to
that of titanium, vanadium and chromium and
must be located in appropriate places below
the named metals; and for rhodium, ruthenium
and palladium one can hardly deny the analogy
with iron, cobalt and nickel. By the magnitude
of their atomic weights, these elements
constitute a transition to silver, as elements of
the iron group do to copper. Platinum, osmium,
iridium and gold must be placed in the same
position below these metals. The similarity is
expressed not only in the similarity of their
degrees of oxidation (RO, R,0s3, RO,), but also in
such traits as the ability to produce ammonium
compounds, characterized by well-known traits
belonging in the same measure to ammonia-
cobalt, ammonia-ruthenium, and ammonia-
platinum compounds.




n dMMUAYHOPYTEHUNEBDBIM, n
dMMHUAYHONNATUHOBbLIM COeANHEHNAM.

Becbma BarKHO 06paTUTbL NMPU 3TOM BHMMaHUE
Ha TO MONOXEeHMe, KoTopoe npuobpeTatoT
YKa3aHHbIA 34eCb FPynnbl CXOA4HbIX 9/1EMEHTOB;
OHO COBEpPLLEHHO ONpeaeneHHoe B pAay rpynn
nepsaro paspAga. HeCoMHeHHO No3TOMy, YTO B
NPUMHUMMNE pacnpegeneHna 37eMeHTOB Mo
BE/IMYMHE MX AaTOMHAro Beca AOJI)KHO BUAETb
UCTUHHOE pPYKOBOAWUTE/IbHOE Ha4yano npwu
N3yyeHumn OCHOBHaro XapakKTepa,
npuMHagaexKawaro anemeHTam. B nsgasaemom
MHOIO COYMHEHMM, Nog HasBaHMem «OCHOBbI
Xrumuun,» A npunararo onMcbIBaemyto cuctemy K
3/IEMEHTAPHOMY W3/I0KEHUID XMMUU U Tam
NPMBOXKY A0Ka3aTeNbCTBa CXOACTBA B rpynnax,
onpeaeneHHblX Bbllwe Ha3BaHHbIM CNocobom, a
noTomy 34ecb 60/iblle U He PacnpPOCTPAHALOCH
06 3ToMm npeamete. Tenepb e obpauly
BHUMAHME Ha TO, 4TO COMOCTaB/EeHUE
3/IEMEHTOB NO YNOMAHYTbIM 34€Cb NPUHUMMAM
HaXOAWT HEKOTOpOe MNOATBEPXKAEHWE U B
cAanyeHun GU3NYECKUX CBOMCTB MPOCTbIX Ten,
B3ATbIX B OTAE/NbHOCTW, a Tem 6onee B uX
COOTBETCTBEHHbIX coeANHEHUAX. B
npeanaraemom  ctaTbe A OCTAHOB/OCH
WUCKAIOYUTENBHO TONbKO HAa CIMYEHUN YAENbHbIX
BECOB M yAeNibHbIX 06bemoB, Tem bonee, 4To
CAMYeHue apyrux ¢Gu3MYecKMx CBOWCTB B
HacTosAlee BpemaA, NO HeaoCTaTKy CBEAEHWUMH,
NnoyTM HEBO3MOXHO. B [0Ka3aTenbCcTBO Ke
€CTeCTBEHHOCTM  CUCTEMbI,  MNpeasiaraemomn
MHOI B OTHOLWEHUU K APYrMmM CBOMCTBaM,
MOXHO npuBecTn u3 3amMeyaTenbHbIX
nscnenosaHnin BuaemaHa (Pogg. Ann. 1865 u
1869), UTO 3N1e€MeHTbI Fpynnbl Lepusa 1 rpynnbl
»Kenesa OKasblBAlOTCA MarHUTHbIMM B CBOUX
COeAMHEHUAX, M aTOMHbIA MarHeTMsm ux
npeacTaBAAeT CXOACTBO B M3MEHEHMM npu
nepexoze OT OAHOrO aHajnora K gpyromy. bbino

6bl  Hambonee MHTEPECHbIM  MU3CNEeN0BaTb
TeENEpb B 3TOM  OTHOWEHUU I1IEMEHTDI
naaTMHOBOWM roynnel 1 MUX CoeaAUHEHUA
Hanbonee CXOo4HblA no XUMUYECKUM

It is very important to pay attention to the
location that the groups of similar elements
mentioned here acquire; It is absolutely
determined in a number of groups of the first
category. Therefore, there is no doubt that in
principle the distribution of elements in terms
of their atomic weights embodies the true
guiding principle when studying the basic
natures of the elements. In my treatise, entitled
Fundamentals of Chemistry, | attach the
described system to an elementary exposition
of chemistry and present evidence of the
similarities in the groups defined by the above-
mentioned method, and therefore | do not
cover this subject here. Now | will draw
attention to the fact that the comparison of
elements according to the principles mentioned
here finds some confirmation in the comparison
of the physical properties of simple bodies taken
separately, and even more so in their respective
chemical compounds. In this article | will focus
exclusively on the comparison of specific
weights and specific volumes, especially since
the comparison of other physical properties at
present, due to lack of information, is almost
impossible. As proof of the naturalness of the
system proposed by me in relation to other
properties, one can cite from the remarkable
investigations of Wiedemann (Pogg. Ann. 1865
and 1869) that the elements of the group of
cerium and the group of iron are magnetic in
their compounds, and their atomic magnetism
changes smoothly when going from one
analogue to another. It would be most
interesting to now investigate, in this respect,
the elements of the platinum group and their
compounds most similar in  chemical
characteristics to ceric and iron compounds.




0CODBEHHOCTAM C LLEPUTOBLIMU WU Kesie3HbIMMU
coeMHEeHUAMU.

MpPUBOXKY 3a CMM TabaWLLy 3/1EMEHTOB, B KOTOPYO
BCTaB/eHbl W Tena obnagarowmsa 6ANKMMMU
aTOMHbIMM BECaMU M3 PAAA XKenesa U NAaTUHBI.

As before, here is a table of elements, in which
are inserted the bodies possessing similar
atomic weights from the series of iron and
platinum.

Li. Be. B. C. N. 0.
Mg. Al. Si. P. S.
K Ca - Ti. V Cr

Cu. Zn. — — As. Se.

Rb. Sr. — Zr. Nb. Mo.
* Ag. Cd. — Sn. Sh. Te.
Cs. Ba. - - - Ta.

F.
Cl.
Mn Fe. Co Ni. *
Br.
- Rh. Ru PI. *
I
W - Pt. Ir Os

YT06bl AICHO BLICTABUTb TY 3aBUCMMOCTb, KaKanA

CYWecTByeT MeXay aTOMHbIMU Becamu W
yaenbHbIMW  06bemamMu  PasAMYHbIX  Tpynn
3/1IeMeHTOB,  CAMYMM  WMX  cnepBa Mo

BEPTUKAJ/IbHbIM, @ MOTOM MO FOPU3OHTANbHbLIM
psgam Tabauupl. [JaBHO M3BECTHO, YTO Takue
rOMOJIOTMYECKME  3N1EeMEHTbl, KaK  Kaauid,
pyouani, uesuu, MAM KanbUui, CTPOHLMUN,
6apuii, unmn docdhop, MblLLbAK, CypbMa U T. NO4,,
npeacTaBAAOT MNOCTENEHHOCTb B M3MEHEHMUAX
yOenbHblXx 06beMOB C M3MEHEHMEM ATOMHAro
Beca. JTO BbICTAaB/IeHO B MepPBblA pas, ecan He
owmnbaemcsa, [toma u Poite; oHKM yTBEPKAAIOT, U
3TO ONpPaBAbIBAETCA BO MHOXECTBE C/y4aeB, YTO
CXOACTBEHHblE  3/1eMEHTbl U COeAMHEHWA
NpeAcTaBAAlOT uUan 6aM3KMe mexay coboto
yaenbHble 06bembl MAM 06BEMBI, MOCTOAHHO
YBENYMBAIOLLMECA C YBEINYEHMEM ATOMHArO
BECca, YTO M MO3BOJIAET Yynogobutb nocnegHui
pa3pAg CXO4HbIX Ten C FOMOJioramMu, AnA
KOTOPbIX CYLLECTBYET MMEHHO MOCAeAHWIA BUS,
COOTHOLLEHWUI. BOT HECKONIbKO NPUMEPOB 3TOrO:
NUTUIA nmeet ypenbHbin Bec 0,594, cnea. ero

In order to clearly establish the dependence that
exists between atomic weights and the specific
volumes of various groups of elements, we shall
first compare them in vertical and then in
horizontal rows of the table. It has long been
known that such homologous elements as
potassium, rubidium, cesium,—or calcium,
strontium, barium,—or phosphorus, arsenic,
antimony, etc.,—display a gradual change in
specific volumes with a change in atomic weight.
This was exhibited for the first time, if we are not
mistaken, [by] Dumas and Le Royer; they argued,
justifiably in many cases, that similar elements
and compounds display either closely related
specific volumes or volumes that constantly
increase with increasing atomic weight, which
allows one to compare the last category of
similar bodies with homologs for which the last
kind of relation exists. Here are some examples
of this: lithium has a specific weight of 0.594,
and hence its volume = 11.2; potassium has an
atomic volume equal to 44.8; rubidium 56.1;
beryllium, corresponding to lithium in the series




obbvem = 11,2; Kanun mmeeT obbem aToma,
pasHbii 44,8, pybuanin  —50,1; ravuumi,
COOTBETCTBYIOWMNIN B pAAY LLESIOYHO3EMENbHbIX
MeTaNnn0B /INTUIO, UMeEeT yaenbHbIn Bec 2,1, a
notomy ero obvem = 4,5; oH MeHblle, Yem
obbem NUTUSA, TaK¥Ke Kak u obbem Kanbuus u
CTPOHUMS MEeHblUe aTOMHbIX 06beMoB Kanuns u
pybuaunsa. [elcTBUTENbHO, YAEeNbHbIM  Bec
Kanbumsa = 1.58, a ero obbem = 25.5; obbem
cTpoHuums = 35,5, a 6apus okono 30.

of alkaline earth metals, has a specific weight of
2.1, and therefore its volume is 4.5; it is less than
the volume of lithium, just like the volumes of
calcium and strontium are less than the atomic
volumes of potassium and rubidium. In fact, the
specific weight of calcium = 1.58, and its volume
= 25.5; the volume of strontium = 35.5, and
barium about 30.

Mbl 34ecb 3amedyaeM y¥e He cToNb bbicTpoe
M3MeHeHMe B BO3pacTaHUM aToOMHaro ob6bema,
KaKoe cyllecTByeT B pAdy LWeN0YHbIX MeTaNN0Bs.
Ho Kak 4anA nepsbiX, Tak M AA8 BTOpPbIX C
BO3pacTaHMemM aTOMHaro Beca BO3pacTaeT W
aTOMHbIA 0OBbEM, a TaKKe YBEe/MYMBAETCA U
3Heprua aNemMeHTa. 370 nocneaHee
06bACHAETCA TeM 3HaYMTENIbHbIM PasiMinMem B
pa3CToAHMAX aTOMOB, KOTOpoe CcyllecTsyeT
3/1eCb NPU BO3pacTaHUM aTOMHbIX BECOB. ATOMb!
bapua xoTa u bonee TAXKENbl, YEM aTOMbI

KasbuMsA, HO 3aTo W ygdaneHbl 6onee
3HauMTesIbHO, 4Yem nociaegHve. BaunsHue
pascToAHMA Ha XOA4, Peakuuil, ecanm He

olwmnbatocb, yKasaHo cnepsa Asoragpo. OHO
npoasnseTca B 06pa3oBaHUMN COOTBETCTBEHHbIX
coeAMHEeHUIA ABYX Ha3BaHHbIX 3/1eMeHToB. TakK
BOAHaA OKUCb Bapua (yaenbHbili Becb 4.5, a
o6bem = 30) MMeeT MeHbLNt 06bem, Yem cam
MeTannnyeckuii bapuin, T. e. ABa BOAAHbLIX
oCTaTKa, MPUCOEANHAACH K Bapuio, He TONbKO He
pa3ABUHYIM ero aTOMOB, HO Aax<e 3aCTaBUan nx
CHAN3UTBLCA. 3HAUYUT HALWIOCh MeXAy aToMamu
6apuA fOCTaTOMHO MecTa A/1A NOMELLEHNA 3TUX
3N1eMeHTOB. ATOMbI KanbLMA NPeACcTaBAAIOT yXKe
3HaYMUTENIbHO MeHblnii obbem M ero BoAHas
OKMCb 3aHMMaeT yXe 6onbwuii obbem (34,
MOTOMY 4TO yAenbHbl Bec = 2,2), 4em camblii
MeTann, noTomMy TO KanbUMM W  MeHee
JHepruyeH, yem bapuii. BogsHble ocTaTku ero
rmgpata He c6aM3MAM aTOMOB MeTanna, a
pa3aBuMHYIM MX. HO B OKMCKH, Kak U BO
dTOpUCTOM  Kanbuue, NPOM3OWNO  elle
CONMIKEHUE, KaK NPOUCXOAUT OHO W npu

Here we notice that the increase in atomic
volume is not so rapid as in the series of alkali
metals. But as the atomic weight increases for
both the first and the second [groups], the
atomic volume and the energy [i.e., reactivity] of
the element also increase. This latter [reactivity]
is explained by the significant changes in their
atomic distances as their atomic weights
increase. Barium atoms, although they are
heavier than calcium atoms, are, however, more
distant [from other atoms] than the latter. The
influence of the distances on the course of
reactions, if | am not mistaken, was first pointed
out by Avogadro. It manifests itself in the
formation of the corresponding compounds of
the two named elements. Thus, aqueous barium
oxide (specific weight 4.5, and volume = 30) has
a smaller volume than metallic barium itself, i.e.,
the two water residues, in joining the barium,
not only did not move its atoms apart, but made
them even closer. Hence, there was enough
space between the barium atoms to place these
elements. Calcium atoms have a much smaller
volume and its aqueous oxide occupies a larger
volume (34, because the specific weight is 2.2)
than the metal itself, because calcium is less
energetic than barium. The water components
of its hydrate did not bring the metal atoms
together, but pushed them apart. But in
[potassium] oxide, as in calcium fluoride, there
was still a contraction, as occurs with the
formation of most potassium compounds. So
potassium hydrate takes up a volume of 35, and
metallic potassium, which is in it, has a volume




obpa3oBaHMM  OO/BLWIMHCTBA  COEAMHEHMUM
Kanusa. Tak ruapatT Kaama 3aHumaeT obbem 35, a
MeTaN/IMYECKMI Kanui, B HEM HaxoaAlmiics,
obbem okosno 45. 3a autmem mn bGepunnvem
cnegyet B Hawel cucteme 60p, HO ero
WUCTUHHBbIX aHanoroB Mbl He 3Haem. Ob6bem
antna 6am3ok K 12, 6epunamna K 5; 6op B
OTAENbHOCTU MMeeT 06 bEM OKO/10 4, MOTOMY UTO
ero yaenbHbI Bec = 2,68. Yrnepoga, cneayroLmi
3a bopom B paay YNOMAHYTbIX 31€MEHTOB,
MMeeT YyAOeNbHbIN BeC BEeCbMa pPas/NYHbIN,
CMOTpPS MO U3MEHEHUIO, U TO/IbKO B COCTOAHWUU
a/imasa, KoToparo yaenbHbil Bec = 3,54, 06bem
yrnepoaa MmeHblue, 4em 6opa; B COCTOSHUU Ke
rpaduTa oH yxKe 6onblue, a UMeHHO = 5,7, TaK
KaK yaenbHbld Bec rpadurta 61M30K K 2,1; B
COCTOAHUM yrna obbem aToma yriaepoaa eue
60nbLwe. MMo3TOMy HET BO3MOXHOCTM CKas3aTb C
YBEPEHHOCTbIO, OyaeT nn Bo3pacTatb 06bem
WAM YMEHbLLATbCA, KOraa Mbl nepengem B
nepBom pALy 3/IEMEHTOB OT yr/iepoaa K a3oTy,
Kucnopoay n ¢topy. Mo aHanormm ¢ Apyrumu
CTPOKaMM  OAHAKO BepoATHee  AOMyCTUTb
BO3pacTaHue, Hanpumep NoaobHoe ToMmy Kakoe
cywectsyeT npu nepexoge ot Si K P, S u Cl, nan
oTSnKSb, Tenl.

of about 45. Lithium and beryllium are followed
by boron in our system, but we do not know its
true analogs. The volume of lithium is close to
12, beryllium 5; boron has a volume of about 4,
because its specific weight is 2.68. Carbon, which
follows boron in the series of elements above,
has a specific weight that varies much,
depending on the modification [i.e., allotrope].
Only in the form of diamond, whose specific
weight = 3.54, is the volume of carbon less than
that of boron; in the form of graphite, it is
already greater, viz. = 5.7, because the specific
weight of graphite is close to 2.1; in the form of
coal, the volume of the carbon atom is even
greater. Therefore, it is not possible to say with
certainty whether the volume will increase or
decrease when we pass along the first row of
elements from carbon to nitrogen, oxygen and
fluorine. By analogy with other rows, however, it
is more likely to exhibit an increase, for example,
similar to the one that exists in the transition
from Sito P, S and Cl, or from Sn to Sb, Te and I.

BTopow pag, nam npaBuabHee — BTOPAA CTPOKA
3/IeMEHTOB, 3aK/IOYAOWAA HATPUMA U XJ0p,
npeacrasnaeT ocoboe ABNEHue, K
pa3CMOTPEHUIO KOTOparo Mbl BC/ied, 3a TemM U
obpaTmcs, a Tenepb YNOMAHEM, YTO B TeX
rOPU30OHTaNbHbIX  CTPOKaX, K  KOTOpbIM
npuHagneskatT Kaaun, pyouauii u uesuii, Ham
M3BECTHO Ma/sI0 HECOMHEHHbIX npumepos. Ho
€C/IN Mbl BO3bMEM CTPOKY KaJivA, TO BCTPETUM B
Hel Kanui, obbem KoToparo 6am3ok K 45,
KanbUmi, 06bem KoToparo = 25, TUTaH, KoToparo
yaenbHblt Bec 5,3 yKasblBaeT Ha aTOMHbIU
o6bem okono 7,5; notom xpom, o6 bem KoToparo
oKoJio 7,4 n mapraHeu, Kotoparo obbem = 7,0,
NoTomMy 4TO YyZAenbHbii Bec okosno 8,0. 370
MokasbiBaeT, 4YTO B CTPOKe Kaama cC
BO3pacCTaHMeM Mas o6bem yMeHbLUaeTcA, Kak
3TO Mbl BWAEAN W B CTPOKE JINTUA; HO

The second series, or more correctly, the
second row of elements, which contains
sodium and chlorine, displays a special
phenomenon, which we will consider next.
Now we mention that in the horizontal rows to
which potassium, rubidium and cesium belong,
we know few reliable examples. But if we take
the potassium row, we will find in it potassium,
whose volume is close to 45, calcium, whose
volume = 25, titanium, whose specific weight
5.3 indicates an atomic volume of about 7.5;
then chromium, whose volume is about 7.4 and
manganese, whose volume = 7.0, because the
specific weight is about 8.0. This shows that in
the potassium row, with an increase in the
atom [i.e., atomic weight], the volume
decreases, as we saw in the lithium series; but
the reduction here is even faster than for the




YMeHblUeHMe 3aecb elle bbicTpee, yem Ans
CTPOKM nutma. B cTpoke pybuaua 370
3ameyvaeTca elle B bosblueit mepe, NOTOMY YTO
pybnanin nmeer obvem 56, cTpoHuMn— 34,
monnbaeH—8,5. nannaguii—oKoN0 TOro e.
Taknm o06pasom Ana BEPTUMKAJIbHbIX PAAOB,
cooTteeTcTBytowmx antuio (Li, K, Rb, Cs — Be, Ca,
Sr, Ba — Cr, Mo, W — Ni, PI, Os), mbl 3ameyaem
yBennyeHme obbema No Mepe BO3pacTaHUs
aTOMHaro Beca, a Mo ropuM3oHTasbHbIM CTPOKaM,
cootBeTcTBytowmm Li, K, Rb, Cs — no mepe
yBeAMYEeHMA aTOMHOro Beca, cnepBa ob6bem
6bICTPO YMEHbLUAETCA, @ NOTOM OCTaeTcs NnoyTu
NOCTOSIHHbIM. OcobeHHbIA ABNEHUA
npeacTasnaoT HaTpui n 3/IeMEHTbl,
aHa/NIoOTMYHble C HMM M CTosWMe B OAOHOM
ropU30HTaNbHOW C HUM CTPOKeE.

lithium row. In the rubidium row, this decrease
is even more noticeable because rubidium has
a volume of 56, strontium 34, molybdenum 8.5.
Palladium is about the same. Thus, for the
vertical series corresponding to lithium (Li, K,
Rb, Cs; Be, Ca, Sr, Ba; Cr, Mo, W; Ni, PI, Os), we
notice an increase in volume with increasing
atomic weight, and in horizontal rows
corresponding to Li, K, Rb, Cs as the atomic
weight increases, at first the volume decreases
rapidly, and then remains almost constant.
Special phenomena are seen for sodium and
elements similar to it that stand in the same
horizontal row.

O6bem HaTpus = 23.7, NOTOMY 4YTO YyAE/bHbIN
Bec = 0.97; obvem megu = 7.2, cepebpa 10.3.
Ob6bem marHua = 13.7, ropasgo MeHblle, Yem
ob6bem HaTpuA. MNoKa ABAeHMA Te Ke, YTo U AnA
npeawecTByOWUX—HO ganee pasauvuune. LMHK
MMeeT aTOMHbIN 06bem 9.1, T.e. bonbLUNM Yem,
MeZib, PAaBHO KaK M KagMui, nmetowmii oovem
12.8, 60nblunin yem cepebpo. B cTpoKe cepebpa
Mbl 3aMevyaem Hanbo by NOSHOTY U NPUTOM
NPaBWUIbHOCTb, a WMEHHO  C/leAyHoLyHo:
nannaguii, pyTeHnim wn poauvii npeacraBaAtoT
6nm3knn obbem 9.1; cepebpo 10,3; Kagmwuit
12.8; onoBoO, npuHagnexauiee HeCOMHEHHO K
3TOMY pAAY, Kak aHaNor KPeMHUSA, UMeeT 06bem
16.2; cypbma u3 paga docdopa nmeer obbem
18.1; tennyp un3 paga cepbl 20.7 n nog n3 paga
Xn0pa mMmeeT obbvem 26, NOTOMY 4YTO €ro
yoenbHblt Becb = 4.93. [nAa 3TOW CTPOKM,
3HAUUT, C yYBE/IMYEHNEM Mas yBE/MYMBAETCA U
yaenbHblii 06bem, HecMOTpA Na pasfivyve B
XMMMYECKOM  XapaKTepe;  3HauuT  34ecb
N3MEHEHME NO FOPM30HTA/IbHBIM CTPOKaM MHOE
Yyem TO, KaKoe Mbl 3aMeyvasn B CTPOKAX Bbllle
pPa3CMOTPEHHbIX 31eMeHTOB. 3TO elle ficHee B

CTPOKE TAMKE/bIX METa0B, He NMPUBEAEHHbIX B
197 197
Tabnvue. Obvem Pt = Syl 94; Au=—=

19.3
10.2;Hg = 200 _ 14.7: Tl = 204 _
13.6 11,89

The volume of sodium = 23.7 because the
specific weight = 0.97; the volume of copper =
7.2, silver 10.3. The volume of magnesium =
13.7, [which is] much less than the volume of
sodium. So far, the phenomena are the same as
for the preceding, but there is further
distinction. Zinc has an atomic volume of 9.1,
i.e. greater than copper, just as cadmium,
having a volume of 12.8, is greater than silver.
In the silver row we notice the greatest density
and moreover regularity in the following,
namely: palladium, ruthenium and rhodium all
having a similar volume of 9.1; silver 10.3;
cadmium 12.8; tin, which, without a doubt,
belongs to this series, as an analog of silicon,
has a volume of 16.2; antimony from the
phosphorus series has a volume of 18.1;
tellurium from the sulfur series 20.7 and iodine
from the chlorine series has a volume of 26,
because its specific weight is 4.93. For this row,
therefore, with an increase in the atom weight,
the specific volume also increases, despite the
difference in chemical character; hence here
the change along the horizontal rows is
different than what we noticed in the rows
above the elements examined. This is even
clearer in the row of heavy metals not listed in




17.2:Ph = 222 = 182uBi =22 =214, Te.
11.35 9.8

C BO3pacTaHMeM  aTomMHaro Beca Mo
rOpU3oHTaNbHOM CTpoKke—0b6BbEM
yBe/n4nBaeTca, a He YMEHbllaeTCcaA WUIn He
OCTaeTCA NOCTOAHHbIM, KaK 3TO Mbl BUAgenn ana
rOPU30HTANIbHbIX CTPOK OTBEYALWMX Kaiuio,
pybuaunio, uesuto.

the table, viz: volume Pt = 7 9.4; Au = 7
21 19,3
10.2;Hg =22 =147, T1=22 =172, pp =22
13,6 11,89 11,35
210

=18.2; Bi = w8 - 21.4, that is with the increase

y

in atomic weight along the horizontal row, the
volume increases, and does not decrease or
remain constant, as we saw for the horizontal
rows corresponding to potassium, rubidium,
[and] cesium.

Ona sneMeHTOB TOM e KaTeropuum u3 CTPOK
OTBEYAlOLWMNX Meamn U HaTPMIO Mbl BUAMM OAHAKO
nepexoj K CBOMCTBY CTpOK oTBevatowmx K, Rb,
Cs. Tak 4na 3fieMeHTOB COOTBETCTBYIOLWMX Meam
Mbl HE 3amMeYaeMm yKe bbICTparo Bo3pacTaHus, a
UMEHHO BUAMM C/eayloLLee: Kee30, KobanbT u
HUKKeNb MMmeloT 6a13KkmMe obbembl, oKono 7.1;
megb 7.2; uvHK 9.1; aHanoros antOMMHUA WU
KPEMHMA B 3TOM PAAY Mbl HE 3HAEM, HO U3 pAaa
dochopa mbl UMeeM MbilbAK, 06bem KOToparo
= 13 wan 16, cmoTpA NOTOMY, BO3bMEM /U
KpUcTananyeckoe wmanm amopPHoe cocToaHue
MbiWbsAKa. Bo  BcAKOM  cnyyae  obbem
3HauUTeNbHO yBennymBaeTca. CesleH B 3TOM e
psaay umeert ele 6oblwimnii 06bem — 19.4, 6pom
ele 6onbwMii—27, a NOTOMY Mbl CNepBa BUAUM
ypesBblYaliHO Mel/IEHHOE YBenYeHne obbema,
a noToM—upe3BblyaiiHO bbicTpoe. B yaenbHOM
e Bece ana paga cepebpa Mbl 3amedyaem
HenpepbiBHOE W MNpaBWU/IbHOE YMeHbLLEHWe,
HayMHaA OT Nannagma oo noga. B camom gene,
yaenbHbi Bec PI=11.7, Ag=10.5, Cd=8.6, Sn=7.3,
Sb=6.7, Te=6.2, | = 5.0, Toraa Kak B pagy megu
3aMeyaeTcA ABNEHME YKe MHOro poaa: cnepsa
yOenbHbli  Bec  BO3pacTaeT, a  MNoTom
yMmeHbLuaeTca; Fe umeet ygenbHbiit Bec 7.8; Co =
8.6;Ni=8.5;Cu=8.8;Zu=7.1;As=5.7; Se =4.3;
Br= 3.0. OuyeBMAHO, 4YTO Ta MNPaBUABLHOCTb,
KoTopas B paay cepebpa cTonb oueBMaHa, 34eCb
YK€ MeHbLUe ABCTBEHHA, XOTA ELLE M CYLLLeCcTBYeT
HenpepbIBHOE BO3pacTaHMe yae/bHaro obbema
C BO3pacTaHMem Beca aTtoma. [1oaToMy MOXKHO
CKas3aTb, 4YTO Te [ABa 3/1eMEHTa, KOTOpbIX
HeZOCTaeT elle B CUCTEME U KOTOpble AONXKHbI
NpeacTaBnATb CXOACTBO C  a/JIlOMUHUEM WU

For elements of the same category from the
rows corresponding to copper and sodium, we
see however the transition to the property of
the rows corresponding to K, Rb, Cs. So for the
elements that correspond to copper we do not
notice a previous rapid increase, namely we see
the following: iron, cobalt and nickel have close
volumes, about 7.1; copper 7.2; zinc 9.1; we do
not know the analogs of aluminum and silicon
in this series, but from the phosphorus series
we have arsenic, whose volume = 13 or 16,
depending on whether we take the crystalline
or amorphous state of arsenic. In any case, the
volume is significantly increased. Selenium in
the same row has an even larger volume—19.4,
bromine is even greater—27, and therefore we
first see an extremely slow increase in volume,
and then an extremely rapid increase. For the
series of silver we notice a continuous and
regular decrease in the specific weight, starting
from palladium to iodine. In fact, the specific
weight of PI=11.7, Ag=10.5,Cd=8.6,Sn =7.3,
Sb=6.7,Te=6.2,1=5.0, whereas in the copper
series, a phenomenon of a different kind is
seen: first, the specific weight increases, and
then decreases; Fe has a specific weight of 7.8;
Co=8.6;Ni=8.5;Cu=8.8;Zu=7.1; As=5.7; Se
= 4.3; Br = 3.0. It is obvious that the regularity
that is so obvious in the silver series, is less
apparent here, although there is still a
continuous increase in the specific volume with
an increase in the weight of the atom.
Therefore, it is possible to say that the two
elements which are not yet in the system
should show similarity to aluminum and silicon




KPEMHMEM M MMEIOT aTOMHbIA Bec okono 70,
b6yayT npeacTaBnATb aTOMHbIA 06bem okoso 10
nnun 15, T.-e. ByayT UMeTb yAeNbHbIN BEC OKO0
6 1 Taknm obpasom 3aliMyT Kak pa3 BO Bcex
OTHOLUEHUAX cepeamnHy, UAN COCTaBAT Nepexos,
Mo CBOMCTBAM OT LIMHKA K MbILLbAKY.

and have atomic weights of about 70. They will
have atomic volumes of about 10 or 15, i.e.,
they will have specific weights of about 6, and
thus will occupy just the middle ground, in all
respects, or they will constitute a transition in
properties from zinc to arsenic.

MoeT 6biTb MHAMWA 33aHUMAET MMEHHO 3TO
MEeCTO B pAAy aNlOMWHUKA, eC/i1 B onpegeneHnm
ero Beca aTomMa  MOXHO  AONyCcTUTb
MOrpPeLHOCTb, MPOUCXOAALLYIO, MOXKET 6bITb, OT
HEMOMHAro ouYuWeHna OoT meTannos, bonee
TAMKENbIX, YEM OH (MOXKeT bbITb Kagmus). Nocne
CKa3aHHaro 6yAeT NOHATHO, YTO B CTPOKe HATPUA
Mbl BCTPEYaeM ABNEHNE, COBEPLLUEHHO OT/INYHOE
oT npeaplaywmx. [encrsutenbHo, HaTpuit
npeacrasnfaetr obvem 24, marHmin—13.7,
antomumHnii 10.3, 1.-e. A0 3TMX Nop ob6bem aTtoma
C yBEAMYEHMEM aTOMHAro Beca yMeHbLlaeTcs, a
yOenbHbI Bec yBennymsaetca. Nga aanee, Mol
BCTPEYAEM  YC/IOXKHEHME: KPEeMHUA umeeT
obbem pasBe HemHOro bOosblue, yem
aNlOMUHKUI, @ MMeHHO okono 11; ¢ocdop B
CBOUX  [BYX  W3MEHEeHMAX npeacTaBaset
vaenbHbi Bec: 1.96 ana KpacHaro ¢ocdopa u
1.83 ans 6enaro docdopa, T.-e. UMeeT 0bbem
atoma 15.8 n 17.0, TaK »Ke KaK cepa B CBOUX ABYX
U3MEHEHMAX, KOTOPbIX YAEe/bHbI BeC MNoYTH
TAKOW ’Ke, KaK H AnAa ABYX BUAOU3MEHEHWM
dochopa; npusmaTuyeckaa cepa  mMmeet
yaenbHbil Bec 1.96, a 06bIKHOBEHHas cepa 2.06,
T.-e. 061EM aTOMOB Cepbl B 060MX COCTOAHUAX =
15.5 n 16.3. 1na xnopa, cneayroLLaro 3a ceporo
B 3TOM pAgy, 06bem aToma 61130K K 26, noTomy
YTO KMAKMI XTI0P UMEET yAe bHblI BeC 6AN3KUIA
K1.3.

It may be that indium occupies a place in the
aluminum series, if, in determining the weight
of an atom, it is possible to admit an error that
might occur from incomplete purification from
metals heavier than it (maybe cadmium). After
what has been said, it will be clear that in the
sodium row we encounter a phenomenon
completely different from the previous ones.
Indeed, sodium represents a volume of 24,
magnesium 13.7, aluminum 10.3, i.e., up to
now the volume of the atom decreases with
increasing atomic weight, and the specific
weight increases. Going further, we encounter
a complication: silicon has a volume of a little
more than aluminum, namely about 11;
phosphorus in its two forms [i.e., allotropes]
displays a specific weight [of] 1.96 for red
phosphorus and 1.83 for white phosphorus,
i.e., atomic volumes of 15.8 and 17.0. The
proportions of sulfur in its two modifications
are almost the same as for the two
modifications of phosphorus: prismatic sulfur
has a specific weight of 1.96, and ordinary
sulfur is 2.06, i.e., the volumes of the sulfur
atoms in the two states = 15.5 and 16.3. For
chlorine, which follows sulfur in this series, the
volume of the atom is close to 26, because
liquid chlorine has a specific weight close to 1.3.

UTaK, HaunHaAa ot HaTpnAa 40 aNtOMUHUNA, Mbl
nveem ymeHblleHne B O6'b€Me, a noTom
yBeAN4YeHNe;, HO Npum 3TOM HET Hap,nemam,eﬁ
npaBuUIbHOCTU. MNocnegHee OT4acTn
obbAcHseTCA Tem pasnanymnem d)mamqecxaro
COCTOAHMA, KaKoe cylecTtsyeT ANA 3/1EMEHTOB,

So, starting from sodium to aluminum, we have
a decrease in volume, and then an increase; but
there is no real consistency. The latter is partly
explained by the difference in the physical state
that exists for the elements in this series, and
which can not be assumed for the elements in




HAaXo4AWMXCA B 3TOM PALY, U KAKOro Henb3s
npegnonaratb A1A 3/IEMEHTOB, HAXO4AWMXCA B
ABYX npeablaywmnx psaax, no KpaiHen mepe, B
CTOJIb 3HAYUTENbHOWN Mepe, KaK 34eck. HaTpuii n
MarHui, No KpaliHel mepe MOC/AeaHuUn,
BEPOATHO B CBOEM 4YacTULEe 3aKA4alT no
OLHOMY aTOMy; QaHaNoOrMA C KagamMuMem W
NeTyyectb  amo  MoryT noartsepantb.  [Ana
KPeMHUA efBasn MOXKHO COMHEBATbCA B TOM,
YTO ero 4acTvua 3aK/YaeT, Kak M 4vacTuua
yrnepoaa, 3HaunTesIbHOe YMC/0 aTOMOB, YEM U
obbACHAETCA  TO  OTCTYN/IeHWEe,  KOTopoe
NPeACTaBAAOT YINepos U KPEMHUI OT 3aKOHa
OtonoHra w MeTn, Kak A noctapakcb 3TO
[OKasaTb B 0coboi1 cTaTbe 2).

the two preceding series, at least to as large an
extent as here. Sodium and magnesium, at least
the latter, probably contain one atom each in
their particle; the analogy with cadmium, and
[their] volatility, can confirm this. One could
hardly doubt that a particle of silicon, like a
carbon particle, contains a significant number
of atoms; this explains the deviation that
carbon and silicon exhibit from the law of
Dulong and Petit, as | will try to prove in a
special article 2).

dochop B cBOeElM uYacTMuUe 3aK/aYaeT Mo
KpaliHen mepe 4 aToMa; KpacHbI BEPOATHO ellle
CNnoxkHee, yem benbiii; ero atombl elwe 6onee
cHAmnKeHbl, NOIMMEPHOE cocTosiHWe ele bonee
CNnoxHoe. To e camoe AO0/IKHO 3aMeTUTb U
OTHOCUTENbHO cepbl. [puamaTnyeckasa cepa
npouie pombuyeckol, HO UM B nNepsBoW
3aK/Il0YaeTCA NO KpalHel mepe 6 aTomMoB B
yacTuue, Kak BUGHO No NJOTHOCTM MapoB Cepbl,
HabnlogeHHOM Npu TemnepaType okono 600°.
Xnop, Haxo4AaLWMNCA B STOM Ke pAay COAEPHKUT
TO/IbKO 2 aTOMa B cBoel YacTuue. Ecam 6bi cepa
6blla M3BECTHA B XWAKOM BUAE U B TOM XKe
NOJIMMEPHOM COCTOAHWM, B KaKOM W3BECTEH
XN0p, TO BEPOATHO NpeacTasaana bbl ropaszo
6onbwnit obbem atoma. Takum obpasom B
CTPOKE  HaTpuAa—Xxaopa  CrpynnMpoBaancb
3/IeMeHTbl, BeCbMa pPas3/IMyHble MO0 uyucay
aTOMOB, 3aK/HOYAIOLLMXCA B UX YacTULE; OTTOrO
He MygpeHo, 4YTO Mbl 34eCb 3amevaem
oTCcyTCTBME  TOM CTPOIAHOCTMH, KoTopas
CBOMCTBEHHA ApYyrMM, pa3obpaHHbIM HamM
pagam. Ecnv mbl BO3bMEM KpaWHWWA YneHbl
Pa3CMOTPEHHbIX HaMM CTPOK, TO 3aMeTum
cnegytlouee: cepebpo nmeet obbem
3HAUUTENbHO OT/IMYaKOLWLMIACA OT o6bema noaa;

Phosphorus in its particle contains at least 4
atoms; the red form is probably even more
complex than the white; its atoms are even
closer, the polymer state is even more complex.
The same thing should be noted about sulfur.
Prismatic sulfur is simpler than rhombic, but in
the former there are at least 6 atoms in the
particle, as can be seen from the density of
sulfur vapor observed at a temperature of
about 600°. Chlorine, in the same series,
contains only 2 atoms in its particle. If sulfur
were known in liquid form and in the same
polymer [i.e., dimer] state as chlorine is known,
it would probably exhibit a much larger atomic
volume. Thus, elements that have very
different numbers of atoms in their particles
are grouped in the sodium-chlorine row.
Therefore it is not surprising that we notice
here a lack of the harmony that is characteristic
of the other rows examined by us. If we take the
extreme members of the rows examined by us,
we note the following: silver has a volume
significantly different from the volume of
iodine; the volume of copper is even more
different from the volume of bromine, but the
volume of sodium differs little from the volume

2 CtaTba 3Ta nomelleHa yxke B *KypH. Xum. 06w, 1870, Bbin. 2-i.

This article is already in the J. Russ. Chem. Soc. 1870, vol. 2.




obbem meau eule 60see pasHUTCA OT obbema
6poma, HO 06BbEM HATpPMA Mano PasHUTCA OT
obbema xn0pa. He 3aBMCUT I 3TO OT TOrO, YTO

yactnubl HaTpuA M  MeguM COCTaB/IEHbI
Pa3NMNYHbIM obpasom? Pascmatpusan
onucbiBamble paabl 3/1eMeHTOB no

BEPTMKa/NbHbIM PAdaM, 3aMeTUM CleayioLLyto
0CO6EHHOCTb, ACHO OTANYAIOLLYHO 3TU pAabl OT
paga nuTusa, Kanua, pybuaus, uesma u cxoaHbix

C HUMMW©, paHee TOro Pa3CMOTPEHHDLIX.
,ﬂ,eﬁCTBMTEHbHO, Tam Mbl BUaeNn BO3pactaHUE U
yAenbHaro BecCa, n aTOMHaro 06'beMa,

coeaMHEeHHOoEe C YBe/IMYEHNMEM aTOMHAro Beca u
XMMUYECKOW 3HEePrum; 34eCb 3ameyaeTcs Kak bbl
obpaTHoe: HaTpuii, Meab U cepebpo npwu
yBeNMYEHUM aTOMHaro Beca npeacTaBAAloT
YMeHbLUEHNE B XMMMNYECKOMN IHEPTUM, TaKIKE KaK
M NpU Nepexoae oT MarHua K LMHKY U Kagmulio.
Ob6bem aToma marHua 13.7 6onbwe obbema
UMHKY (9.1) 1 Kagmua (12.8), ToUHO Tak, KakK
obbem HaTpua 6onbwe obbema meau W
cepebpa. Mputom meab M UMHK NpeactaBasioT
MeHblNN obbem, yem cepebpo M Kagmuii,
COBEpIEHHO TOYHO TakK, Kak H B
COOTBETCTBEHHbIX pPAZax MpaBoi  CTOPOHbI
Tabnuubl. OencteutenbHo, docdop B 060UX
CBOMX BUAOU3MEHEHMUSAX npeacrasaser
bonbWN 06bEM Yem MbIlbAKD, HO 0b6bem
cypbmbl  6osblie, 4Yem 06bemM  MbIWbAKA,
nogobHo Tomy, Kak obbem Kagmusa un cepebpa
bosblue, yem 06bem UMHKA U Meaun; Ho obbem
ceneHa 6onblie, Yem cepbl, a Teaaypa eule
6o/iblle, YeM cefieHa; ONA Xaopa ke, bpoma u
noaa obbembl aTOMOB, KaK M3BECTHO, 6AU3KK
mexay coboto.

of chlorine. Does this not depend on the fact
that the particles of sodium and copper are
composed in different ways? Looking at the
series of elements just described along vertical
series, we note the following feature that
clearly distinguishes these series from the
series of lithium, potassium, rubidium, cesium
and similar ones, previously considered. There
we saw an increase in both specific weight and
atomic volume, coupled with an increase in
atomic weight and chemical energy. Here, the
opposite is seen: with increasing atomic weight,
sodium, copper and silver exhibit a decrease in
chemical energy, just like in the transition from
magnesium to zinc and cadmium. The volume
of the magnesium atom, 13.7, is greater than
the volume of [both] zinc (9.1) and cadmium
(12.8), just as the volume of sodium is larger
than the volume of [both] copper and silver.
Moreover, copper and zinc display a smaller
volume than silver and cadmium, exactly as in
the corresponding rows of the right side of the
table. Phosphorus in both its modifications
displays a larger volume than arsenic; but the
volume of antimony is greater than the volume
of arsenic, just as the volumes of cadmium and
silver are greater than the volumes of zinc and
copper. However, the volume of selenium is
greater than [that of] sulfur, and [the volume]
of tellurium is even greater than [that of]
selenium. The volumes of the atoms of
chlorine, bromine and iodine are known to be
close to one another.

M3 cKasaHHaro SBCTBEHHO, 4TO CylLecTByeT
HeKoTopas  MNpPaBUJbHOCTb B M3MEHEeHUM
yAe/bHbIX BECOB M aTOMHbIX 06beMOB B pAaaax
3/1IEMEHTOB,  pacnpegeneHHblx B 06yt
cucTeMy Mo BesMyMHE aTOMHbIX BecoB. Ho 3Ta
NPaBUAbHOCTb HapYyLIAETCA TEMU U3MEHEHMAMM
B PU3MYECKON U  XMMUYECKoM npupoge
3/1EMEHTOB, OT KOTOPbIX 3aBUCUT KOJIMYECTBO MX
aTOMOB, BXOAALMX B 4acTULYy, W KayecTso

From what has been said, it is clear that there is
some regularity in the change in the specific
weights and atomic volumes in the series of
elements distributed in a general system
according to the magnitude of [their] atomic
weights. But this regularity is upset by the
changes in the physical and chemical nature of
the elements: the number of their atoms in the
particle and the quality of the atoms, or their




aToOMOB, WM CMOCOBHOCTb WX BCTynaTb B
XMMUYECKNA coeauHeHua. Ecam mbl obpatum
ONnA npumepa BHMMaHME Ha MepBbld pAag
3/IEMEHTOB, Kyda OTHOCATCA  LLEJIOYHble
meTannbl, meab H cepebpo, TO Hangem
cnepytowma ymcna: Li=11.8; Na=23.7; K=44.3;
Cu=7.2;Rb=56.1; Ag=10.3; ... TI = 17.2, T.-e.
Ha BMA HE YBUAMM HWKAKOM NpPaBMIbHOCTM B
nsmeHeHuax obbemoB atoma. Ho, obpauwan
BHUMaHMe Ha 6nvKanwee CXOACTBO,
CYLLECTBYIOLLEE MEXKAY JIUTUEM, Kanuem,
pybuanem u uesnmem C OOHOM CTOPOHbI, WU
HaTpuem, megblo U cepebpom C APYron, mbl
YBUOMM YXKEe HEKOTOpYl MpaBWUIbHOCTb, B
nepBom psay HECOMHEHHYIO, a BO BTOPOM
HEBMAMMOMY COCTOSALLYIDO B TOM, 4YTO Medb
MMEET HaMMEeHbLINN 06bem; ONA INEMEHTOB,
CTOSIWMX HUXKE W Bbllle ed, obbem atoma
6osblie, Yyem Ans megu. ITO COBEPLUEHHO
napasi/ie/ibHO TOMY YTO B Psily MarHus, LIMHKa U
Kagmuns 06bem LMHKA 3HAYUTENbHO MeHbLUe,
YeM U MarHusa, U gaxke MeHblle, Yem Kagmus,
CBUHEL, Xe npeacTasaseT 6o/blnii 06bem, Yem
TaNINI, Kak U ULMHK—B0bLINIA, YeM Medpb, U KaK
Kagmuin 6osblunii, yem cepebpo; HO MarHui
nmeeT ob6bemM MeHbLUUI, Yem HaTpuii. B paay
docdopa 06bEM MbIWbSAKA MeHblue obbema
docdopa M meHblLE 06BbEMA CYpbMbl U BUCMYTA;
HO 06bem BUCMYTa 6o/blE, YEM CBUHLLA, TaK XKe
Kak 06bem cypbMbl 6osblue, Yem Kagamua. ITu
C/IOXKHbIA OTHOLUEHUA NpUOBpPeTaoT 0CobbIi
CMbICA, KOTAa CONOCTaBUTb CBOMCTBA 3/1IEMEHTOB
CO CBOMCTBAMM UX COEAMHEHWUI N O0COBEHHO C
peakumsamu, B KOTOpbIA OHWM BCTynawT. ITU
OTHOLLEHUS M3N1araloTca MHOK BO 2-M Tome
moero coumHeHua «OcCHOBbl XMMUU» U He
BXOAAT B 3agayy 3Toi cTatbl. Ho pgns Toro,
yTOObI AOMOMHUTL CKAa3aHHOE BblLE YKa3zaHUem
Ha TO pa3sHoobpasMe OTHOLIEHUN, Kakoe
3ameyaeTcs npu 3ToM, NpubaBAO HECKO/bKO
OTPbLIBOYHbIX 3aMEeYaHWi, Kacalowmuxcs Ao
yOenbHaro Beca M obbema aHanorMyeckmx
CoeaMHEHUN, NpUHagNeXaWwmx K  pagam,
pPa3CMOTPEHHbIM paHee.

ability to join [together in] chemical compounds,
all depend on this. For example, if we turn our
attention to the first series of elements, which
include alkali metals, copper and silver, then we
find the following numbers: Li = 11.8; Na = 23.7,;
K =44.8; Cu=7.2;Rb=56.1; Ag=10.3; ... Tl =
17.2, i.e. we see no regularity in the changes in
the volumes of the atom. But, paying attention
to the close similarity existing between lithium,
potassium, rubidium and cesium on the one
hand, and sodium, copper and silver on the
other, we already see some regularity,
absolutely clear in the first row but not visible in
the second, that copper has the smallest
volume; for elements below and above [copper],
the volume of the atom is greater than for
copper. This is completely parallel to the fact
that in the series of magnesium, zinc and
cadmium the volume of zinc is much less than
that of magnesium, and even less than
cadmium. Lead is larger than thallium, just as
zinc is larger than copper, and [it is] more like
cadmium than silver. Magnesium, however, has
a volume less than sodium. In the phosphorus
series, the volume of arsenic is less than that of
phosphorus and less than the volumes of
antimony and bismuth; the volume of bismuth is
greater than that of lead, just as the volume of
antimony is greater than that of cadmium. These
complex relations acquire a special meaning
when we compare the properties of elements
with the properties of their compounds and
especially with the reactions in which they
participate. These relations are set out by me in
the second volume of my book Fundamentals of
Chemistry and are not included in the purpose of
the present article. But in order to supplement
what was said above by pointing out the variety
of relations that are observed in this case, | will
add a few fragmentary remarks concerning the
specific weight and volume of analogous
compounds belonging to the series considered
earlier.




YaenoHolit Bec COeAMHEHMM Kanua Bceraa
HEMHOFO MeHblle, Yem COOTBETCTBEHHbIX
COeAMHEHUW  HATPWA; HANPUM. X1OPUCTbIN
Kanui umeeT yaenbHbii Bec 1.9, a X10pUCTbI
HaTpuii—2.1; cenuTpa noTtawHaa 2.1, a
HaTpoBas 2.2; eakoe Kanu 2.0, a eakuii Hatp 2.1;
OKUCb Kanma 2.7, a OKWUCb HaTpua 2.§;
meTannmyeckmin kanmn 0.87, a Hatpuin 0.95.
CoBeplweHHO B TAaKOM K€ OTHOLLUEHUWU MeXay
cobolo  HaxoAATCA  MarHnuii M KanbUUi:
coegMHeHMA MarHma obblIKHOBEHHO HECKO/bKO
TAMENee COoeAMHEeHUI Kanbuua. Hanp. oKucb
KasbUMA MMmeeT yaenbHblh Bec 3.2, a OKUCb
maruma 3.7; BogHaa u3BecTb 2.2, a BOAHaA
marHesua 2.3; Xn0opucTbid Kanbumit 2.1, a
XJ0PUCTBIN MarHnii 2.2 3); yrnemssecTkosas
CO/lb B COCTOAHWUW LWINAaTa UMeEET yae/bHbIA BecC
2.72, a yrnemarHesnasnbHaa CONb B COCTOAHUMU
wnaTa 2.95; Kanbunin UMeeT yaenbHbIl Bec 1.58,
a marHmn—1.74. Takum obpasom coegmHeHUn
KasbUMA OTHOCATCA K COEAUHEHUAM MarHus
COBEPLUEHHO TOYHO TakK, KaK COeANHEHMA Kanusa
OTHOCATCA K COEANHEHUAM HATpUA; NMOSTOMY C
yBe/IYeHMeM nas 34ecb byaeT u yBennyeHue
obbema. Ho ecnu noiigem ganee, T0 3amMeTUM
BHOBb  YyMeHblleHMe B  obbemax; TakK
aHaNOrMYyeckna coeauHeHua meau U HaTpua
6/13KM No obbemy, Hanp. okucb HaTpua Na’O
MMmeeT obbem yacTuupl 22, a 3aKuUCb Megn
Cu’0—25; ob6bem YacTUUbl  XJ0pUCTaro
HaTpuA=28, a NONYX/IOPUCTOM meau,

The specific weight of potassium compounds is
always slightly less than that of the
corresponding sodium compounds; for example.
potassium chloride has a specific weight of 1.9,
and sodium chloride has a specific weight of 2.1;
potassium nitrate 2.1, and sodium nitrate 2.2;
caustic potassium 2.0, and caustic soda 2.1;
potassium oxide 2.7, and sodium oxide 2.8;
metallic potassium 0.87, and sodium 0.95. The
relationship between magnesium and calcium is
exactly the same: magnesium compounds are
usually somewhat denser than calcium
compounds. For example. calcium oxide has a
specific weight of 3.2, and magnesium oxide is
3.7; slaked lime 2.2, and milk of magnesia 2.3;
calcium chloride 2.1, and magnesium chloride
2.2 3); calcium carbonate in the form of [Iceland]
spar has a specific weight of 2.72, and
magnesium carbonate in the form of spar 2.95;
calcium has a specific weight of 1.58, and
magnesium has a specific weight of 1.74. Thus,

calcium compounds relate to magnesium
compounds in exactly the same way as
potassium compounds relate to sodium

compounds; so with an increase in the [atomic]
weight there will be an increase in volume. But if
we go further, we note again a decrease in
volumes; so analogous compounds of copper
and sodium are close in volume. For example,
sodium oxide Na,O has a particle volume of 22,
and cuprous oxide Cu,0 of 25; the volume of

3 CepHOM3BECTKOBAA CONb NpeacTaBAAeT yaesbHbli Bec 2.95, a 6e3BoAHasA cepHoMarHesmasbHaa coib 2.65. 370
KarkyLLleece OTCTyMneHne 3aBMCUT N0 MOEMY MHEHWIO OT TOTO, YTO CEPHOM3BECTKOBAA COJb B 6€3BOAHOM COCTOSHUM
ABNAETCA B [BYX MONMMEPHbIX COCTOAHUAX. B TOM BMAE, B KAKOM OHa MO/y4aeTcA Npu NPOKaAMBaHUM rUMca, oHa
CNocobHa coeanHATLCA C BOAOIO M TOrAa BEPOATHO MMEET MEHbLUMIA YAENbHbIV BEC; AOMKHO NosaraTb, oH byaeT
OKO/I0 2.5; B COCTOAHMM }Ke aHMMOPUTa CEPHOM3BECTKOBAA COMb HE MMEET CMOCOBHOCTU COEANHATLCA C BOAOKO U B
35TOM BUAE OHA eABanu He MpeacTaBAAeT NOJIMMEPHOro COCTOAHMUA TOMY, B KOTOPOM HaxoauTca B anebacTpe, u
HWKaK yXe He B COCTOSIHMM aHanormyeckom c 6e3BoAHO cepHOMarHesManbHO COMblo. Bnpoyem u nocnepHan
nocsie CMAbHAro NPOKaMBaHNA OYEHb Me/IeHHO PacTBOPAETCA B BOZE, YUTO MOXKET 3aBUCET OT MPOMUCXOAALLAro Npu

3TOM MOZ1IeKyNApHaro uasmeHeHuA.

The sulfate salt of lime has a specific weight of 2.95, and the anhydrous sulfate salt of magnesium is 2.65. This
apparent deviation depends, in my opinion, on the fact that the sulfate salt of lime in the anhydrous state is in two
aggregated states. In the form obtained by calcining gypsum, it is able to combine with water and then probably has
a smaller specific weight; it must be assumed that it will be about 2.5. In the form of anhydrite, the sulfate salt of
lime does not have the ability to combine with water, and in this form it does not display an aggregated state like
thatin which it is found in alabaster, and in no way is analogous to an anhydrous sulfate salt of magnesium. However,
the latter, after strong calcination, dissolves very slowly in water, which may depend on the molecular change

occurring at the same time.




COOTBETCTBYIOLLEN NOBAPEHHOM COJU, TaKKe 28,
NOTOMY YTO yAEe/bHbIN Bec est =3.5, XoTa HaTpui
M medgb B CBOBOAHOM  COCTOAHUM U
NpeacTaBnAlOT, KaK Mbl BUAEAW, BecbMa
3HAUUTE/IbHYIO PasHULY B obbemax; yaesbHble
Beca COeAMHEHWI mMeauM M HaTpua Becbma
pPa3/INYHbI.

sodium chloride particles is 28, and of copper
chloride corresponding to table salt, is also 28,
because the specific weight is 3.5. This is despite
sodium and copper in a free state displaying, as
we have seen, a very significant difference in
volumes; the specific gravities of copper and
sodium compounds are very different.

Tak TOYHO W LMHK B CBOMX COEANHEHUAX MMeeT
06bemM HEMHOro MeHbLIMA, YeM Kanbuui, a
MMEHHO BNM3KMIA K MarHuio; Tak OKUCb LMHKa
npeacTaBnseTr ob6vem Yactuubl 45, NoTomMy 4TO
yOenbHblt Bec 5.6, @ OKUCb MarHua wnmeet
obbem 11. XNopucTbiit UMHK npeacTaBafeT

obbem 48, a XNOpuUCTbIA MmarHmn — 43;
CEPHOLMHKOBAA CONb B 6€3BOAHOM COCTOAHUM
43, a cepHOmarHesnasnbHaa conb — 44,

CnepoBaTenbHO nepexog, oT HaTpua K meaun (B
CONAX 3aKUCU) WM OT MarHUA K UUHKY B
COOTBETCTBEHHbIX COEAMHEHMAX He BevyeT 3a
cob0ot0 3HaUYNTENIbHAro U3MEHEHUsI B 0bbemax,
HECMOTPA Ha  3HAUUTE/NIbHYIO  pPasHULYy B
obbemax camblX METaNNOB W B 3SHEPrUM B
cBobogHbIXx MeTannax. CoegnHeHus cepebpa B
CONAX OKUCM NpeacTaBAAOT MOYTU TAKOM Ke
06beM, Kak U coegMHEHMA Men B CONSAX 3aKUCH,
cnefoBaTeNbHO, TAKOW Ke, KaK N coeguHeHUs
HaTpua. [loCTaTOMHO Hanp. yKas3aTb Ha TO, YTO
asoTHocepebpaAHan CoNb MMEET YaCTUYHbIN
obbem 39.0 (yaenbHbii Bec 4.34), Toraa Kak
a30THOHATPOBAA CO/b NPeACTaBAAET YAaCTUYHbIN
obbem 37.9, a yaenbHblh Bec 2.24;
nonyxnopucrtas meab umeeT obbem 28.0, a
xnopuctoe cepebpo 26.3. 3amevatenbHO nNpwu
3TOM ewe W To, YTO Medb, B CONAX OKUCU
npeacTasasa M3oMoppu3mM 1 CXOACTBO C CONAMMU
MarHesuu, NpeacTaBaseT C HAMM M 6AM30CTb B
BEMYMHE yaenbHbix obbemoB. Tak Hanp.
6e3BoAHaA cepHOMarHesvasbHas COM UMeeT
obbem 44, a 6e3BoaHaA cepHOMenHan CoNb —
45. 3TO CXOOQHO C Tem, YTO XPOMOBAA COAb
npeacTaBnser obbem (72) 6AU3KUIM K 0b6bemy
CEepPHOKaNNeBoM conu (66), a
MapraHuoBoKkanavesas conb KMnO* umeer
06bem 58.3, HEMHOMMM TONbKO 6ONbLLUNK, Yem

Similarly, zinc in its compounds has a volume
slightly smaller than calcium, namely, close to
magnesium; zinc oxide has a volume of 45,
because the specific weight is 5.6 and
magnesium oxide has a volume of 11. Zinc
chloride exhibits a volume of 48, and
magnesium chloride of 43; [that of] the sulfate
salt of zinc in the anhydrous state is 43, and the
sulfate salt of magnesium is 44. Therefore, the
transition from sodium to copper (in the lower
oxide salts) and from magnesium to zinc in the
corresponding compounds does not entail a
significant change in the volumes, despite the
considerable difference in the volumes and in
the energy of the free metals. The silver
compounds in the oxide salts have almost the
same volume as the copper compounds in the
lower oxide salts, hence, the same as the
sodium compounds. It is sufficient, for
example, to indicate that silver nitrate has a
partial volume of 39.0 (specific weight 4.34),
whereas the cuprous nitrate salt has a partial
volume of 37.9 and a specific weight of 2.24
[typo for 3.24]; copper chloride has a volume of
28.0, and silver chloride is 26.3. It is also
remarkable that copper, in the salts of the oxide
[CuO], is isomorphous with the salts of
magnesia, and shares with them a proximity in
the magnitude of specific volumes. So, for
example, anhydrous sulfate of magnesium has
a volume of 44, and anhydrous sulfate of
copper, 45. This is similar to the fact that the
chromium [i.e., chromate, CrO4] salt has a
volume [of] 72, the sulfate salt of potassium
[has a volume of] 66, and the potassium
manganate salt KMnO, has a volume of 58.3, a
little more than the potassium chlorate salt,




xnopHoBaToKkanmesaa coab KCIO3, kotopol
06bem =54.6. 06beM XPOMOBOW M MapraHLOBOM
coneit 3pecb OKasbiBaeTcA 6osiblie, Yem
COOTBETCTBEHHbIX CO/IEN, 3aKN04aOLWKUX Cepy 1
X/Iop, XoTA obbem aToMOB X/opa M cepbl
ropasgo bosblie, yem Xxpoma U MapraHua. M3
3Toro BUAHO, yTO B COeINHEHMAX,
COCTaB/IEHHbIX aHaNorMyecKkm, Hepeako
3aMeyaeTcs CXOACTBO B Be/NYMHE 06BEMOB U
Takoe  OTHOLEeHMue ob6bemos, KoTopoe
HUCKO/IbKO He NpeayraablBaeTca U HUCKONbKO
He cornacyerca C TakKMMM obbemamu, Kakue
MMEIOT BXOAAWME 3NEMEHTbl B OTAE/IbHOM
cocToAHUK. OT TOro U CTAHOBUTCA MOHSTHbIM,
ytTo B CUCTEME, TMPUIOKEHHOW HamMu MU
OCHOBaHHOW Ha BEe/MYMHE aTOMHbIX BECOB W
cxoAacTee B XMMMUYECKOM XapaKTepe,
3aK/II0YAl0TCA YKa3aHHbIA Bblle OTCTYMJ/IEHUA OT
TOroO NPOCTaro NopsAAKa, KOTopParo MOXKHO 6bl/10
6bl 0XXMAaaTb. ATOMHbIE Beca, Kak M aHanoruu,
onpeaensoTca He MO CBOMCTBaM OTAE/NbHbIX

KCIOs, whose volume = 54.6. The volume of
chromium and manganese salts is greater here
than the corresponding salts containing sulfur
and chlorine, although the volume of chlorine
and sulfur is much greater than that of
chromium and manganese. It is clear from this
that in compounds made analogously, one
often observes the similarity in the magnitude
of volumes and the volume ratio that is not at
all anticipated and in no way agrees with the
volumes that the participating elements have in
a separate [i.e., free] state. From this it
becomes clear that, in the system we have
applied, based on the magnitude of the atomic
weights and similarity in the chemical nature,
the above deviations from the simple order are
[actually] what one would expect. Atomic
weights, like [chemical] analogies, are
determined not by the properties of individual
elements, but by the properties and
composition of the compounds.

3/1IEMEHTOB, a MO CBOWCTBAaM UM COCTaBy

COeANHEHUIA.

3amevaHus, npuBeaeHHbla  Bblwe, MoryT | The remarks given above can serve as new
CNYXUTb  HOBbIM  [0Ka3aTeNbCTBOM  TOrO evidence of the law which | defended in my
MOJIOKEHUA. KOTOpOe A 3alulian B CBOEW article “specific volumes” and which can be

CTaTbe «yAeNbHble 06BEMBI» U KOTOPOE MOXKHO
dopmynunpoBatb cregylowmMm o6pasomb: Mo
0b6bemy coeMHEHNI HeNb3A CyanTb 06 ob6beme
COCTaBHbIX 4YacTel. MOTOMY-TO WU [O/MKHO C
BeCbMa 60/1bLIOID OCTOPOMKHOCTbIO MPUHUMATb

formulated as follows: the volume of
compounds cannot be judged from the volume
of their constituents. That is why it is necessary
to treat with very great caution those systems
of specific volumes, which are based on the

TEe CUCTEMbl YAenbHbIX 06bemMOB, KOTOPLIA assumption of the opposite statement.
OCHOBbIBAIOTCA Ha AonyleHnn

NPOTMBOMOJ/IOXKHATO NOJIOXKEHMUS.

MpumeyaHune. Ws3noxkeHHoe 3pecb  6bi1O Note. The foregoing was communicated by me

coobLeHo MHO Ha cbesge B Aerycte 1869 . B
1870 r. B aHHanax J/inbuxa (nocne Toro Kak 3Ta
cTaTbsA 6bl1a OTOCNAaHa MHO 414 HaneyaTaHus)
nosiBunacb ctatbs Jlotapa Meiepa, TpaKkTytoLLas
0 Tom Xe npegmete. BobiBogbl r. Meiepa
OCHOBaHbl Ha AOMNYLWEHUM NpPeanoXeHHOM

at the Congress in August 1869. In 1870, in
Liebig’s Annalen (after this article was sent by
me for printing), an article by Lothar Meyer
appeared, dealing with the same subject. Mr.
Meyer’s conclusions are based on the
assumption of the system of elements




MHOIO CUCTEMbI 3/IEMEHTOB W COTNACHbI C TEMMU,
KOTOpble cAenaHbl MHOK B OTHOLIEHUU K
obbemam atomoB. OH Takke obpalaeTt ocoboe
BHMMaHMe Ha HUCXOAALIME H Bocxodslime paabl
3/IEeMEHTOB W Ha  NocCneaoBaTeslbHOCTb
n3MeHeHMa o6bemoB. Ho BbIBOAbI BbIMIrPaaM B
ACHOCTM OT rpaduyeckaro Kn3o0bparkeHus,
npUNOXKeHHaro K cratbe. [omewaa 3Ty
MPUNUCKY, A HE WME KenaHus noAHWMaTb
BOMpOCa O HayyHOM MNepBeHCTBe, (nomoemy
MHEHWIO, 3TW BOMPOCbI HEMMEET YacTo
HMKaAKOro yYyeHaro MHTepeca), a *Kenat TONbKO
YKas3aTb Ha Tabauuy, NPUNOMKEHHYIO K CTaTbe T.
MeWepa, Kak Ha cpeacTBO, Nomoratoulee
YNI0BUTb U U3BACHUTb T€ C/OXHbIS OTHOLIEHMUS,
Ha KOTOPbIA YKa3aHo B NpeapblayLnx CTPOKaXx.

proposed by me and agree with those that |
have made with respect to the volumes of
atoms. He also pays special attention to the
descending and ascending series of elements
and to the sequence of volume changes. But
the conclusions were increased in clarity by the
graphic image attached to the article. By
putting this postscript | have no desire to raise
the issue of scientific priority, (in my opinion,
these questions do not often have any
academic interest), and | only want to point to
the table attached to Mr. Meyer’s article as a
means of capturing and explaining those
complex relations, which are indicated in the
previous text.




