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!~a t r  od-u,c t l o n  

The faad~mentH ~ w  of  chem~s~_ ~ t~e~de!eev~s ~,:LodLc iaw ~ ~s w~.r~dfeged ~ ~t ~ e ~  v~r~ety, of wgys~ 
/.t is mo~t !nt!m~tely b~raad ~p w~dJl the ~o~'3r of ~tomLc s~:~t~re,  ~ d  ~ e  p e z . ~ c  ~ys~em of the.eleme~.~ de.r~_ved 
from i t  consists in the elasstf~.~..~r2o~ o f  ~toms ~c~coz ~xL~:g to r3ae~-:~sct~es of  the~ electro~ envelbpes~ Tke e lee~a~Ic  

. theo~ ot  ~om~e s~ct~. re  a ~  v~e~-~y eould.'.n~o~ have develdped, ~:~xl c~'x~ot co~'Aaue to d~velop, wLtho~'~ the dL,~eet 
and de t e rmln~g  p~.~!p~t lo~.  ~ f t h e  M_ezdeleev law ~ d  the ~er~t~lee, v system. The q ~ s  ~r2~n z f  the suz~ .~e  of  ~ e  
~r i t~t te  system of the e lements  h~s beer~ the ~rabjeet ~ f  ~ e r ~ s  L~.~-.~e~t~.% wb2eh we h~ve ~fe~-"ed to ~ a 
series of eommurdca~_Auns (I,2,~ in the~ commtmlem2~ns we h~ve eo~dered~ h-t ~ concise but suff~e~y det~fleA 

.-fashion. the facts and l~L~cAples that mu~st fill theLr exp~ess~a ~ a mode~ scb2me of the ~$tem of e!eme~.ts. In ~e 

present paper, In o~zr c ~ A e ~ t ~ o ~ s  o f  the s ~ e ~ r e  ~)f the periodic sy~em .~ztved ~t h~ thCs way~ we sh~ll c~r~",~z~e 
ourselves to such exposLtLo~ of  the s t r a x x ~  ~_~ ~ m e e e ~ , ~  ,. fez ~ e  c ~ m ~ h e ~ o a ~  o f  g tse~ta-nent ~ wh~.ch we tk:ew 
fl~the~ llgflt on the system by the ass ~f .  ~,~mber theory ~nd physLeochemAcM ~.~lygs~ 

The use of  m ~ r 2 m m ~ s  gs g means e f  g e ~ e r ~ g  d.~ta o b ~ . e d  by expe.rh-~e.r.t, wh!ch is so e t ~ : r ~ c t e ~ e  
o f  modern ehem!stry ,  does ~ rep!ace real  phy ~s~ceehemSc~I objeczs by f~r.Lt¢.~ous~ abstract m ~ t l ' ~ m z ~ l  c~cepts~ 
The object  in" o ~  .~A'e~nees here~ ~ d  ~ .  od'~r f~ lds  of  sc~.~ce (fez e_x~mple~, tb~t of  the pk~se r~le) ~ 2 c h  g e  
concerned wlth d e f ~ R e  vmmer~_n~l ~IgrAonshlps~ Ls to r e ~ e s e ~  fg.cts ob~zved by chemLsts by meow, s of g e e m e ~ c  
models, a~ I  also to de~cr~A)e them w~Ah the z.~ o f  the 1 ~  ,ff.~age of  ~ - r ~ t h e m ~ s o .  R Ls quite obvious tk~t the sys~em- 
~r2z~tion and deserl~rAon of  k~ow~ facts with the a ~  of  r r ~ t h e m ~ l  term~ a~d method e ~ z ~ t  ~ d  d~es ~ot le.~d 
to anythLr~g more thg= tha~ which expezL~ae~.t ySelds to the ~vest~g~ 

.2~ S t r u c t u r e  of_ taethe ve:.,_oc~z~Per*od~c S s t e m  e f  t h e  E l e m e n ~ s  

The rattonaI sL-~ctu~e of  the r . e ~ t c  s-y-s~em of ~ elements coj~.~a~: a) a ze:x~ p ~  a~d z e ~  ~ a p  ~f 
e lements ;  b) a s u ~ v ~ o n  o f  the system ~ t z  •even and ~dd per<~ds and ,~ro cyc!es.. ~:.bAch ex~es~ a sec~,:tdzzy ~ : ~  
~todteity; e) a~. evo~. ~r2osazy ~epzese~r~t:ma of  the ~,~at~e of  r~he eleme~!s (p:oto~elemeg~ ~ typ!c~l elemegzs ~ -  
elements  '~of complete sL'~c~re ~). r ' . F~g~ 1 & stepwlse ~epTese~.~t~ f~f the sys~m ~ g[ve~.~ ~ ~hL~ t ~  ~t~.ck s p ~  

represent  elements of r_~ even ~Z~'zh  a~d c!reles.rep:e~e~.~ those o f  the odd pezLod~ The r~u.mbezs ~f el.emends L~ 
the periods aud ~ the cyeles~ ez.~h o f  wh~h  eo~tsts  of a p~ r  fozmed by ~ eve~ a~.d ~ .  odd peA~0 Sze given be-~low 

d ~ a m .  The system .~s comple te  up to c e ~ m  (z = t00)~ The ~ m e  c ~  b¢ ex~ess,,-v<I by me~.~s of a nee~work 
of  cells (Fig. 2). The boId 1 ~  zepre~.~ts ~ d~scon-~.7~.~ the cei l  occupied by hyd~ege~ :ests ~ h ~ v e . ~ z l y  ~ 
eel/~ of groups ! ~ x l  V ~  ~ the 1eft ~ .  of  the dz~o~am ~ e  Ive~zL~d~ ~ cycles  ~ e  p~ve~; ~ d  below ~ ~et.~Zies 
and lanthan2des ~ze show~. The det~tled der.~w,t~n of  these ~epz-ese~.L~tko_~.s o f  the system, ~ts ~&~ t~he ~ g , ~ e ~  
~elating to the ~-~eess~y.of i~L~od~c~g ~ e  ele¢~o~z (e) aP, d the r,~eu~en (D Lv.m the ~ys~em, L~ ~ t  glge~ heze (se~ 
[3]), We will add that ha the t~ble irt Fig. 2 a t o m ~  we~ghu ~ze gLve~ ard t ~  ~ece~xly discovezed eIeme~.ts 
Athenlum (Art) a~d C e ~  (Ct) are £~_ct~ned (as ~.so ~ F~.g~ 1. The 6d ~hell ~s c~mpleted ~t e l e ~ y . t  104" *~ 

*.Paper read at a e o n f e ~ c e  1-~eld L~ Mo,scow2~ December,  i950~ &~ c~)mmemo:a~z  of ~.e fcu~.d~.~ 30 y e ~ s  
prevR)usly, of  the D.LMe~Aeleev ~t l t t~te  of  Chem~_~._~I T e c b ~ l ~ g y ,  
*~ Seaborg p ro~ .es  to c~H t~ ekaMfgJeam [4], " 
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. F i g .  1.  S t e p w / s e  r e p r e s e n t a t i o n  o f  t h e  s y s t e m  

~:,,d at the ertd of  the system Is an a tom o f  the tr~ert-gas type helong.ing to the zero group, which tt  ~ 'o~d be 
eo~eet  to call  ekaradon (F.~agr O. Altogether, there are 18 elements that ha~,e sttIl not b&en dtscovered: from cent-  
lure (!00) to eka,adon (1189. Theze can be no dm, tbt that  In their prepa~rnttort, as ~d.,~ In their trivesttgat~ort, Meil- 
deleev 's  law ~¢tll piny tbae same l e ~ t a g  part a s t t  has played up to the presert~. 

3 : ,  P e r t o d t c L t z .  o f  t h e  P r o p e r t t e s  o f  t h e  E l ' e m e n t s ;  ~ n d  t h e  T h e o r 7  o f  N u m b e r s  

There can  be no do,.~bt tha~ ix ts L~ th~ theory o f  n~nlbc~s t I~ t  we f.tad the he~  wzy of  de~crlbL~g the ~ r t o d i c  
I~w and the periodic system in rn~them~tlc~l terms, f.7~ thls b ~ n c h  of m~;themat~s coa~err~ ttself wlth d i s c o - - s  
quantities. A!thoagh Mendeleev poLnted this out mare than h~If ~ cemury ~go [6], there have been ao  sy~a~azI~ : 
attempts tO, apply the theory of numbers Ig chemistry. 
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* Lanthanfde s * * Acflnkie s 

The u ~  of ma th e ma t i c s  in  chemist ry  is po~sibie ¢~. accoun~ of  the c~mela t lon  pr lnciple ,  which est *~bl_s.~es' ~ ,~.~e 
cor respondence  of ~nathematLeal fozms and tk~e~z t r a~ fc~ rn~z ions  w*~2.u phys~cochemica l  objects  and the cha~ges t ~  they  
uudergo.  T h e t e f ~ e  we shall  f~st e * . . . . . . . .  , s t a b h ~  c o ~ e ~ r ~ n d l ~ g  c h e m t c a t  and m a t h e m a t t c a l  concepts  for exami~ot~o~ 
K um akov  [6], ~ wrRlng that ~tbe law of  c o ~ . a n t  and  m v ~ . ! p l e  W~o~vtio~s ~.s au a p p l ~ a t t o n  of  the ~ d y  of whcie ~.~'m.- 
bets  to c h e m i g r y %  shared t M  v~ews of ~,~mme_r [q], ~e~=d~.ug  to  whom *cP,~.mL~_~y and the theory of numbers  h~;.Ve as 
their  l x inc tp l e  - -a l thoagh  ha dtfferer3 spheres of  a c t l v R y  ~° the  ~ame cof lcept  e f  composRion% ComposX~on b :  cbem::s~.D" 



|~ expressed w,'xh the skl of the concept of  element, ar~l aa element Is a form of material to which a definlte place 
In Mendele,'.~,'s syrtem eo~esponds. ~ definition is In Complete accord with that l~Opesed by Kedro~ [8]: "~n 
element ts a, _,~cies of atoms that occupy one definite place in Mendeleev's system". 

:L'~ the syaem, the cell~ which is denoted by a ~rialnm'aber (-._he atomic or Mendeleev ~amhe~, is the ele- 
ment's °passport', charactetLzing ~ Ird2vidtual n~ture. T h ~  to t,he number concept In mathematics there is ~ cor~ 
r e s ~ ! r , g  concept-~ ehemistey of at~nte~ or cell number.  

. Amov, g ~I / the  ld.nds of pe.,to,~c belatlonsh!ps la chernL~t~y, the moo perfect and ail~embratcing Is the system 
of elements. Can there.be among the varSo~s mathematical furu:tlo~ or~e that could e x p ~  the extremely high 

-. degree of o r ~ t l o n  and Interrelaxtensl~ of diu~onttrtuous quanx!tle~; that wo~!d have a dual character, expresslrtg 
/m ~.tself the Later~cr.ioa of these qual i t ies  and ".he urJty,of ,.heir opposhag charaeterL~tles; that would be constructed 
on. the b a ~  of  ".he perlodie~ty concept, not ha the sense of simple repe~ttvltT,t' • but a concept of ixerlodtetty ~ ttz 
evolut~on a ~ . ever l ~ c ;  arai ~h!gher levels, althoug~ ~ the form of an abstraction " a  forth that e:presses In Itself 
the tran~ttSau f ~ m  qgant~ty to quahey--a ftmetlon that Itself determines the Compos!tion of the grouping~ ttmt 

Number theory enables us to give an answer to this question. -Let us supgo~e that we have the natural series of 
Integers from 1 to 120 (the basis for the upper limit will be given later): 

1, 2, 3, 4, 5 ,  6, '/, 8, 9 . . . . . . . . . .  . . . . .  190 .  

this se~fes paztfcul~ sets o¢ number~tow variov~ forms of pertodiclty, as may be seen, for example, for 
the Berr_.oulll n~mbers; the repotlt'~vtty may vary greatly. Whlch of the possible solutions corresponds to the criteria 
given above ~ We may first of all ellrnLr~te the varla:at of s~mple mechan!cal repet~ion~ for the main requ#ement 
is the possibility of repetition tl-~t la~ctude~ In itself evolution, Le., that continually passes to a higher and higher 

l eve l  ThIs requirement corresponds to ~ e  next lrt order of reduc~g ~mp!Iclty after the natural series: the series 
of sqt~ares of even numbers, ~ ,  4 ~. 6 ~, 8' . . . ,  Le., 4, 16, 36, 64 .... We then have a period/city of defined number 
cycles, wh~h grow regultzly as we move f~m the begLr~.tng of the series, thus satisfying the r e q ~ e m e n t  given 
above. 

The solnt~oa would remaLa ~complete ff the concept of composition, so h'nportant from. the chemlst's point of 
view, we~ not expressed m 1to According to the theory of numbers [9], every integer has at least two factors: 
Ltse!f and tmlty. A ~umber t u a v ~  o~Jy two factors IS prLmeo aM one having more factors Is composite. In the nat~ 
~ a l  ser~s of rmmbers 4 h the first ar~ stmp!es~ composite number. Hence, the question of the compodtion of 
groupLngs ~ r~mbers develop~g cyclically in floe natural ~rl6s is equivalent to the question of repetltivtty, In 
conformity with rule, of the sla-npleg compodte number, i.e., four, both as a beglrmmg and as a bssls. It has a sLm- 
pte and unequivocal solution, for the sets of numbers g~ven above consist In an ngct~es repetition of four. la fact, 
every erie of them Is ex~es~d  by the formula 4-~o where_u'is the number of the ~ven group~g ob~tned by 

c o u ~ g  Lu o~de~ from the beg~u~ng of the sys~emo Thus, t~e ser~s of ~tttrat numhezs conta~s growing cycles, 
. . . . . . . .  = . . . . . . . . . .  ~ a ~  ~.,,~,,,,,Lt~.,~-̂ ~¢ . . . . . .  to an ext_remeiy simple express~n, which is not equtvalent to other axlom~ 

or theozems, a ~  wbAch ~ lutfi-nately bound up wRh the mathematical concept of composlztono namely: 

S = 4 o n ~ .  

~y glvlng n the values 1, 2, 3, 4 we find that Sbecomes 4, 16, 36, 64. This expresdon ts ~ymmet~tcai and is In 
accord, w~h the csSterton of ever~,_r~ a~do h-~ fact, dualtty.- 

The symmetry c~n be expressed by the condLt'~_on ~ t a ~ g  .flaat L¢ the basLs of the system is fo~x~ then tts numbe3' 
of terms L~ alzo f~r ,  We then obtaLu a system ef ~mmbers; 

4°i~:.t4"2 ~ + 4 o 3  ~ ÷ 4 ° 4  ~ = 19.0. 

The eye,mess a ~  d ~ l  cha~acter of t~is system permit us to bze~k down each cycle into t~ro hzlves~ We have 
am a-r~logous l~tC~e Ln a wave, which is compo~d of two half-waves. We sF~ll call them number pertods~ Accc~,xl.~ 
~.g ~, d6ft~ttoa0 the rtumber of m~mber-~.~, the pe;~Lods (whtch combtr~e b~ paL rs ~.ut0 cycles) w~l be (in order): 

2, 2~ 8, 8~ 18~ 18o 32~ ~2. 

The system ~.v_dez coaz~4eta~2or~ ~ ~he:efo~, forms i t se l f  L~_to two ra~mber ®rays ¢ of p~L.~ds - e v e ~  a~l odd (~c~ 
cozdLng to the ~ztal ~ m b e r  of ~e  l 'e r~)L Let as Co-rtsider the result, so obtained. Wire the a ~  of the theory of 
=~;.mbezs arid by a~_ examt~.. '~n of the cegalar~*.des fo"~ ~A in the serles of Lntegers L 2, 3~ 40 5, 6 . . . . . .  120, we:coz~ 
clyde tb.s~ w£~I~ the l~.rr_..~it~ of stu:h a se~,~s; " ". : 
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b~mbe_r ~.~. ,m fo~ ~.aZ.mc~ ~__e,,t~zz a f  t~¢ ~ m p l e g  comlm~te  r~umber. 

a)  theze ls a t~r~c~dlcgty/- ,xNe~d by z_~ g-.*; o5 ~:m~b~ra 1, 2, 3~ 4, 5, 6 . . . . . . .  120; 

b) the tmrlods c o m b ~  L~ p . a ~  e~ch o ~ _ ~ L s ~ g  i t .  e~ .~  a~d ~ .  ~eve.~ ~z~.oxl, c ~ t ~ & , ! g  gZ~'.~p,t~.gs 9f 4, i6~ 
36° 64, whlch conform to the L~w cf  ~ ~ - ~  ~3~eL"~'~'~. ~[ .~}~ zLr.epieaz ¢ o m 1 ~ e  numb~_L 

Such z mat !mmat lca ! ly  4ez.'_~ed eo~.e~z  of  .Tez.~Lc~) ~c:!z~de~ r~,. e~_ly : e ~ g ~ v ~ t y  of d e f . ~ t e  ffo:~p~ga (~'~ 
tLme~ r epe t lgon  of ~ e  sf.mpleg eomlm-~e  ~=mb~-~ f~:~.~:.~ ~-~t ~t!I.~ ~h~ ff~owth ~f cycles ~.s f~ey evo lve ;  i t  exF~ea:,ea 
a h o  the dual  chagacter  and syrr . . ,n~y of  ~ : ¢ b . ~ e  ~'ff 5~'~ a y ~ m  ~f ~.~r~be~ o h ~ . e d  ~ .a st~mr~re fe~med by tw~ 

even a~nd tmeven ~ ray~ of  ,,~ez~c~-~. ~ ~ z~,z dlff :~;~t  ~ ~ee tb.~.t we hn.ve ~ s f m d  gLl the req~.~emex~s of a r~gth- 
e m a t t c a l  r e p r e m n t a t ~  of  the .~:tcdte ~szem of  the c-lem~..r,~ t~x~ SL.~.g~g p~h~t for w_l~.:h ~ ~ e  c a ~ e ~ . ~ d e ~ z e  
be tween the concept  of e l e m e ~  L~ e~emL~.~z7 ~.,:d r~ . t  e~ r.~mS~r ~ r ~ . t h e m a . t ~  ~.s f o r m d a t e d  by t~-~ ~-t ~he b e g L ~  
nh'~g, There ordy remMns the f.',~..~t step .of <:,oea,:g~.2.,e-t~g, ~ t t ~  of  r~&m~e~rs fz~m i ~o 120 fo t l~w~g  the t e ~ _ s  ~f 
~he m a r k e m a d c ~ l  ~ n a l y ~  of  !~bLr~-~y  eb~*3~ed * . ~ - e  (Et~ 3}. 

k comparison o f  Fig~. 1 ~ d  3 e ~ . ' . ~ . ~  ~ c~mpXete ~de:eF~.:y of  tD~ ~ . , _ ~  sysr.em of  xembees w~h Lhe~ v ~  
iant  we have deve loped  e{ }Ae~Aeie~ev's . r ~ . ~  W ~ m ' ,  ~ v.~_s~c~.~ of ~m twa ~yatems ar~ *den.~2caL ALl 
pagt~ of  the two ~ys~eras, ~ ag , : e eme~  w~C~ rJg~ ¢ o ~ e ~ . ~  ..~.c~g2e~ c ~ e ,  sr,~:d w~h one aamdrer; ~) ~ambez 
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¢lement~ b) "tu~lf-~ve" or ~.mber period - per~cl of  the system of elemer~s; c )  p~rmber cycle -c~fcle of the ~yP 
tern o f  elements, wMch COmMies w i f l ~  lue i f  art even and art odd ~r l ad .  

It b l e b v t ~  of tour, e, as we e m I ~ t z e d  at the very b e ~ .  t l ~  we have here a correspondence, not &~ 
IdcnLRy, There is l~o ~mple e~',aglRy between a msO~ematical number and a Mendeleev n~cmber. The former ~ v e s  
a formal o~Itnal numbes in the system, and.~e latter, in as much as the first t-ho elements, the electron a~l nec- 
tmn, have zero Mendcleev nmabers- Is equal to the nucleca charge. However, even the electron tnd the n e u t r ~  
betv4~Imliv~lual~ ccrrespoM Lu the m~thematleal system to numbers ( 1 and 2). For t J ~  reason there is ~ d l~pl~e-  

• merit by two places in the sacce~on  of ~chemicaI" nurnber~ ~t comparison " d ~  the . 'mathematical* numbexs, 
e~cumsmnce that is wRhout ,fundamenzal or practical s ! ~ I ~ . a n c e  tbr the mat  hemat.tcal express~ou of the periodic 
~ys~em of e lements  WhaL then, is ~ e  physical meaning of ff, e n~mbers that ~ ]Lke a ~ed thread through the s ~ -  
~ m  under consldera~1on~ Le. ,  2 and 4~. 

F ~  of all,  R ~1I  be noted that 2 ~ ~ e  two possible values of ~ e  s ~  and 4 is the four ~uantum numbers 
~., ~. and f~ ~ t  the moa  .general a n d ~ r e f o r e  the most correct explanat~n =1~ that 2 ex~esse~ the dual cl~r~.cte~ 

of the sy~em, of elements, a~i  the ~'nplest Composite m,~be¢ 4 is the ~ m b e r  of  proto*elements (electron, ~eutma, 
l~oton, o~-pat~lcle), which 1~e st ' the basts of  the system o~d emer. into the compcst~ion of the arums of the rem~L~- 

elements, All that- we have expounded here, df course, is applicable both to the evolutionary and to the cell 
~epresemation of the system. 

The cencept of "system" Is wider than that of *porhMtc iaw" in Its generally accepted fomuulatton. It Is true 
that a mathema,Acal anaIyds of its aructare Indicates an exact cor~eslx~ndence between the system and the Law of 
the periodic dependence of pmperttes on the place occupied by the element ~ the sy~em (Mendeleev periodicity), 
but that ts not a l l  It emerges very st~V.t~a~ly from the system ~ a t  the pertods ~b~mselves, being repeated ~n s 
cyciic fashio~ exhibit a "peri~tcl~y of tmrtods '~, or zecondaxy periodicity, which was first dL..-~vered by Biron [10]; 
It is not expressed at all In Mendele2v's fo~mulag,2n of ~he law and L~ closely a~oelated with the general ,tincture 
of the ~-stem In accord w~h the remlls  of expertmeatal chem~d.v [2! 

~rl-,at we ~ave given above ts not a mathematical  derivation of the periodtc sy.~tem of  elements. It is t r ,  pos~ 
~tbl¢ to derive a real phys~al law ~om abs:ract ~ambers- Also, the correspondences that we imve e~tablL~hed are 
in.no way ~tended as a .replacement of the periodic law, in all Rs vaziety, by ,tmple mathematical  equatlons; 
. . . . . . .  ~ , ,  to tlx~ow iigh~ on one part, although it is a very impoten t  part, of the ~ob lems  relattng to the 

structure of the system of  eiemem-.. ~ ~,.eor~cerv.ed oMy wihh the mathematical  e~presston of  exl~rlmentMIy 
found generalLz~dons, but thls is indeed a step toNard the goal of Mar, deicer  ~ t h e  eLlmovery of an exact expresMon 
of tt~ pe : i~ i c  law and of the periodic system of elements. 

¢ 

~ s t e o e h e ~ s J . s  a n d  G c o m e t r  o f  t h e  S t r u c t u r e  o f  t/~e M e n d e l e e v  

Per.todtc $ ,v~ tem o f  £1ements  

Graphical ~epre,=entation of various phy~lcochemk~al systems and processes ls.wide!y used 'in general and phys- 
icai ¢h~mistzy. It has found its widest app.~at ion In PO.u'n~kov's physlcochemlcal ar~ly~.s, w,hlch brings to~e~her 
chemht~y and geome~y on the basts of  c~e i~ t to r t  pr~ctples and of the conttrmtty of t~an~formati~ns, and which 
enables u~ to make a new apt~oach to the concept of the chemtcal  Indlv!dual. 

Xt Is p o ~ l e  that fiunher developmer~ of  the sv.zdy of ~s.~gul~r points L~ compodtion--t~.ope.ny.dia~..ams will 
reveal new methods fo~ the g~apb:~cal tnterp;et~tton of Mendeleev% pertod~ law~ ~2! as much as the co~w.espondeace 
of any ~adtv~t~.al (daltontde) to a sta~xlar point coMctdes w&h the correspondence of an e lement  -~.htch L~ g ahem* 
teal ~div/d~al - to the covgept of a s ~ c l a i  potnt L~. geometry. At the present time, however, at least ~¢tthout 
ftmdame~tal changes hx the basic prtactples of physlcochemlcal ana!ysL% it ts impos~tble to eour~t on success La this 
d~tect~orL 

The ~ea~o~ fo~- thL, L~ that the method of phy~tcochem~cal a~.l>gso whtch can be successfully exte.~ded to any 
composttton--p~operty diagrams whatever, ts s~g~tly based on thermody~amlcal ~haciples, as Kurnakov emphaslzed 
[OL There L¢ good r~ason why the, maL~u concept with wh~h R or<~zates ahould be :he concept of a pha~e, homo= 
geneous a~d co~tLnuo~ as dallied by classical th~rmcxlynam~r~ This is closely related t~ the fact t.h~t the prin~ 
ctple of eo~LLr~y of tza~:sf~dmatLo~s oec~ptes the fo:emo~ pLa~ Ln the theory of phys/cochemLcM .'latysls. The 
mal,~ laws~ obtatned ~ strtct fa~u~a by the Use of  above-descried eoncept~, are ex~ended further m nort-eq,M.Ifartam 
systems a~d r~o~-¢2te~modynam~l properttes. 
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Ho~ve~ ,  melther ~ e  c ( m c ~  ef  ~he pha~ ~ r  the l X ~ I p l e  of contkr~Ity o f  t ra .usforma~.s  is applicable ~n 
t l~ ~malysts of  the periodic ~/stem of - the  elements. In the fL~st plaee0-the pe~od~e sy.~tem is a Syaem of ~ttoms. 

.It relates e ~ e n t ~ l y  to ~ l a t e d  atoms ~nd ~ h~; ~o speefl2e e ~ a c t e r  such as is peeul l~  to staflst2eal assemblle~ 
Le., pb.a~s~ &,'M. :~ therefore llke ~ y  ge~.~allz, a~oa relating to the ~ e t a r e ~  of atoms and molecules. ~ the 
~eond place, a t  least in the ava!lable range of t e m p e r ~ , e  and pressure, there &re no states of eq~afl~b~'~m and 
c¢~tlnuous transf~matA~ons between the Vax~ous elements; the per~d~:Jaw eammt therefor.e be .expre~ed w ~  the 
aid .of contL-mous ~ n c t £ o ~  Hence, the  geome*zy of the , t~e tme-of  L~e i',e~odSe system of M~me~_ts m~Z also be 
the ~ome txy  of d ~ o n t ~ y .  Here 1~$ the essenyaal d2ffe~erme f ~ m  r~he usually applicable method~i Of phys~eo- 
c l~mlea!  aaalysL,, ~ all ottm~respeets, however~ the Meas ~pon whlch K ~ a k o v  based the theo~.of  ~ o m I m ~ - -  
property diagrams are quite a p.pltcable to the ,~l!~r.toa of .the q ~ e ~ n  of.the geomet#~al  repre~ema~o~ of the srx~e~ 
ture of the pe~odte system of elements. 

accord wJ.th the co~¢spondence ~ t p l e ,  the conce~ of the element Lndisco~ttnuous geometr~M fig.~nes 
has JJ.s counterpart Lu the eleme~a~,N square Oz c e i l  The next eoncepz ~. eompl.exlty, the perte~l~ ¢o::zespo~,& ~ a 
parallelogxam (rectangle); the number of cells that ~t eon~tns, which ~.e'~ual to i ts  ~ e a ,  ~ the rnmber of ele~- 
meats In the period. Two c o n t ~  ~ _ o d s  (eve~ ard odd) takex together f o r m a  sl~gle cycle of the sy~emo 
Thus, the geometrical counterpart of the cycle ~ the system of elements is the square, which is composed of two 
rectangles (.qg~ht and left)~ its symmetry is expressed L~ ~s square oufl~e; a~A the m~mber of cells t,hat £t: eontaL~, 
which is equal to the n:zn~her of e l e m e ; ~  ~ ~erefo:e determtr~ed by the quadratic ex~esslon: S = 4n  ~, where n 
is the ser~es of ~te.gers. 
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F ~  4. Rel~re~enra ;Wo~.~ of cycle~, 

Starthug from th./s correspondence of elernen~s arA st~n~c~aI pa~s of the perLodtc system w~h dt~o:~r.~.~c,;~s 
geomet.rical forms, we can Cons~uct the eo::~spo~d~.g rep~esentgtto~s fo_~ each of the cycles (F3.g:~es 4 and 5)o 
each square the cells co_,re~pondJ_ug to the elements a:e dZspo~d tn the oeder of the Me~deleev ~ "uzzmbe:~s ~f the ele~ 
merits. The '*a *n.hotropy "~ of each square cort~d.~s h~ the fact that eve~. a~A odd rmmbe.~s (Mendeleev ~mbezs~ a~e 
brought togetlie, r in alter~gt~.ve ho:tzontal ro~s, thus b~kngL-..g to~et.be~ Shch~karev's artJ~ads and l:ez:~ads [1I] (de~ 
noted by A and P). Abeve e a c h  .¢qu~re the ~ m b e r  of the cycle (C)ts  g.tven, and above each ~ec~:~.gle,~ the ~ ..... e ~  
of the l:~r!od. 

it ~tll  be seen fzom the ~r~.umbcr of  va,rMbles unde2~ examJ~attoa that the system cannht be completely :ep:e,:. 
~entod on a pLa~e~ Lt ca~ be repre~nted o ~ y  ~ tP~ee~dm~em!onal sp~tce. A three-dtmens~_o~l figuv.e co~.t&~.,go -~~.~~- . 
squares L~ the form of ~ecuor~s parallel to the b a ~  selw~samd by d'~stances proportional to the c~pacttles ~ the eyc~les 
is-to be found L~ a tnmcated tetrago~ai p~amkt  (Fig. 6), which b.az a symmetry  tha-t is cha.':ac'terlst2z: ~f ~t:.e sr~.~c~.~::e 
of Mendeleev's periodic system of elemer~s and wh/ch cons~s~ ts of two halves, related symmetz/zally as m2~'o:: ~.r~:~ 

ages, which a ~  az~igaed to 'even avA odd pcHods~ 'res~c_tt~zely. 
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Fig. 5. l ~ t ~ n o f 8  cycle.  
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Xq~ tlm~eM~Ime~io~x~l fom~ of  repmscnt~tfon can be 
l~ojected ont~.the ha~e. The f i ~ e  so o b t a t n ~  ~I~o. pre~ent~ 
a geometric CXlXesstO~ of the ~n~c~n~ o.f th~ i~e~todtc s'y~- 
~tem of  eleme~ts (F.~g. ~). L~ the e~aznh~atto~ of  ~dz alL, gram. 
as ~ho of the p.revLous o r , ~  fl must be remembered that It is 
e.once~md ~lth the geome~ic representation of the sy~m'.and 
Is not ~ t e ~ e d  to replaced ~ ~ay ~ay tl~ ~y.~lu~ary 
r~hulat fo~ms.~f the ~-~gem (~e  ~ 2):  

the geometric form gtven L~ H ~  % the t ~ ~ c l a  'tLons 
of  e l ement ,  pcH~d~ cycles, &~d .(alo~...g t h ~ J ~ o n ~ i )  groups 
are p re~en~.  The ~ d ~ r ~ c s  ol  ff~ cycles are. tnd~camd by 
bold llnes~ ALl other tndtcasto~ are glve~u d~etzt.ty on the 
flgm~. ~ c h  a d ~  ~g.~n cv ,  hte~ the lnten~la~L~nahtp betueen 
,11 the eoncep,~ t~ed in the c o ~ c t t o n  of the l~C~Ltc ~ygem 

v- : r .  

Fig. 6. ~ t / a l  rep~gseilt~don of  
s-ys~em. 
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e ~ e n  . -~Odd 

/Nmm be~r/ot eleme~,t~ 

F/g. ~.. ~ j e c t l o ~  on t/'e~ I~ of  the 
,'I~M1 mp~'g~nta~.~on of the ,ygem, . 

t o  b~ represented ~ a~ e~,.rem.gly g~aph~ ~ n ~  
¢ 

lus~ a~ acccrdL~a to K ~ o v  [6~ ~ay c ~ m ~ n  -- pro~r ty  dL~g/~m ts ~ eLc~.~d c ~ t e ~  ~ ~ the ¢L~gr~m 
that we ha ve ~dvanceM fo~ th~ l~t~I/z:  ~ . ~ m  d th~ eI~ment~ ~ fLr~o u ~ g  tl~ word Lu the tawr~ ~ a c1~.:.d 
d~gram. 

The ge0metr~ J . x ~ q r p ~ . ~ n  of the l~rJ.~dt~ sy~em ~z.~a r..omplet.a ar.coM with the rel~e~ent~t~ of Lh~ ,y$o. 
fern ~x terw~ Of ~_~a.mber L ~ , .  " T ~  ~ygcm ~ n t s  R~If  to m as a ~ M ~ d  v¢~i¢~ hA~onl~udy deveio12~d and 
h~vtug a r e g , ~  a~_d logical ~L~c~e ,  ~r~.~erlng ~.  s~Lt  and ~ d ~  d e ~ t ~  ~sy~m'~  - Lts ~ a m e n t r J .  corn ~ 
plete~e~ L~ cx~n~t~ ~ L~ &-~.-om~+.~ o~I 7 w~.h. I~spgct to the ~ e t y  of ~a~ ¢l~ment~ la  the ~f~ct.Lrtg ~" ~J~ch 
1~. wlll [ o ~ ,  ~ - g  has d~ae ~ ~hc ~ t o  a lcadhag ~ e a d  tu the l~w~Jg~ttO~, Art ~l~t ~g t~v~ e~ .u~ded  above 

he lp .~  t~e ~ e a ~ o r t  of  ~ , r~e l eev ' s  ~ a b  to gtve m ~ e r a ~ t l c a l  r e ~ e ~ n t ~ n g o f  the ~ ' ~ e ~  ~,'!~h th~ ~ d  
of r~'~nbe~ ti~a+~ ~ 1  fi~e g¢omZ~y of d L ~ o ~ o ~  q u ~ t~e~ .  
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~.U.M MA RY 

1. A hoHzo,-~tal, ceil-for m re~-e~nr~.tio_-, of the periodic system ck~lemam~ is g~ven in ~hlch 

a) a ze~.ro period (ele.ctran. neutron) and zero gzoup (neuIro~ He. A~ He. Kr, Xe, ~L ek~adon) ~rc Lu- 
c1~tded; 

b) ,ubdlvLdon is Into periods and cycles expressing ~ e c ~  Iaedlodlc~y; 

¢)  tlmre is a hydrogen re211" adjointngGroul~ I and y~ .  

2. It has been ~hown that  the structure of  Mendeleev% periodic $y~mm can be d e , S h a d  with the aM of  
n~.im.ber theory; and Kurr, akov's physlnoch~mlcal analysL~ is applied to.tim geometric r e l x ~ a t l o l l  of t~,e p~Iodl~ 

i%eceived June 27, 1952 K S .  Ku~aakav !n~tur~ of General 
atnd l.norg~zlc CAmm!sL~ of Lhe USSR 
Academy.of Sciences a~d D. L 
l~nde l eev  Iustitate of Chemic&l 
'l~clmo]ogy 
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