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Abstract—Functions with discontinuity, jumps anghrtial repetition are modified and applied to description

of proton affinity and basicity in gas phase for ElRhere El is anys- or p-element of the PeriodiGable.

As independent variables are used twerall number ofs- and p-electrons in the element El and electronic
constants of the substituent R. To account for the change in the basicity along a period for derivatives with a
lone electronpair (Be, BR, CR, NR;, OR,, RF, Ne and theianalogs in the IHIV periods) is suggested

and confirmed that the donor substituents R, abqls, provide an appearance of a basicity maximum on

the Va (15)group. Asurface in a three-dimensional space is considered that describes a function accounting
for the overall number of s- and p-electrons in El, the number of substituents R, and the electronic
parameters of the latter.

The electron and proton affinitie€A, PA, acidity where x is the sum of alls and p-electrons in an
and basicity in gas phase are fundamental characteelement, { } means thatrom the figure withinthese
istics of elements and compounds indispensable focurly brackets should be takerfraction.

description of their reactivity. They characterize thzg These functions are nominated dialectic since they

simplest reactions that on the one hand are goo re characterized by discontinuity and jumps at going

objects for investigation, and on the other han . IV
compose the elementary stages of the chemical trang_om one to another period of the Periodic Table and

formations. The resultobtained at measuring the % dre(gfgtfhnagétg;g enseméei\;\?tl?a]li rlgnegugpc;ﬂ;g[i)on
acid-base characteristics of organic compoundg g

resulted in radical transformation of concepts on th%g ey' Cl;;r:}eznz;(he Cln;:rrzasg r?er giicrlggcsa?ng]niglsqﬁr?ge at
origin of these propertiegl]. 9 ' b

keeping with linear equation, 8 fixes the size of the
Considerable advances have been made in expegycle, +3r/16 and -3 is the shift of the function

mental measurement &A andPA, gas-phase acidity sought along thex axis as compared with the initial

and basicity [2, 3]. Yet the data available concern gunction [4].

small part of compounds that are of interest for

fundamental research and technology. Therefore iéor-rl;rrfgr? CS(’)tIEJrgllg_; oﬁ;e(vei?rt]g%eretggl Cfﬂ?ggg\rl]vgl]foﬂhéhe
would be feasible to reveal the laws governing the P y

change in theseproperties and thus be able to may provide a base for development a mathematical

calculate the necessamalues. Thesdaws are also expression of the Periodic Law in conirast and in

important to solve the fundamental problems of thesupplement o the existing tables. All thendamental

reactivity natural laws but the Periodic one are formulated just
' in the form of equationg5].

It was shown earlier [4] that acidity and basicity in

the gas phase of the hydrogen compounds ofgje

elements may be described Bdialectic’ functions.

The main application of equations (1) and (2)
consists in description of the properties of elements
El. In going to compounds EIRthese equations
cannot take into account the electronic properties of
substituents R and their number

y= ae™tg (Tx+ 3)+ cx+ d, (1)
8 16 These problems are solved in the present study for
. description and prediction of proton affinity and
y= ae’ {i8—3}+ cx+ d, (2)  basicity in the gas phase of various compounds-of
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DIALECTIC FUNCTIONS FOR DESCRIPTION 1197

and p-elements of generaform EIR,. Nontrivial
relations were revealed.

Initial data and performance of calculations.

The values of basicities in the gas phase Brddata PA,
were takerfrom review[2]. Note that the data in the KJ mol
review published in the Internet [3] before the

appearance of the issue of the journal [2] in many 1000

instances are not the same as[#j, although the
difference is small.

The compounds in question were carefully selected 800
for in measuring the proton affinity it should add just
to the atom whose basicity was considered. For
instance, with phosphorus among compounds;, PF 600
P(NMe,); and P(OMe) the affinity of theformer was
taken (with correction)from the original article [6]
and not from the review [2] where as it turned out 400
was given the energy of addition tdluorine.
P(NMe,); was excludedrom considerationbecause

the addition of proton to phosphorus was not un- 200

ambiguously proved7]. Only the data on thehird N I |
compound, P(OMg) were included in calculations 4 8 112 16/20 24128 32 36
direct from [2] since the data indicated that proton s+p

addition occurred definitely to phosphorus and not to
oxygen [810].

The place oproton addition to Asgand Sbkalso kg 1. proton affinity @A) of methyl derivatives of ele-
seemed ambiguous in the light of the above reasoning ments MeEl: (1) as a function of the overall number of
concerning NE. and p-electrons in El [equatio(1), series2.1]; (2) as a

The basicities of halides in phenyl halides were function of the overall number of- and p-electrons with
not taken into account since the proton in these accounting for the number of methyl groupgequation(s),
compounds adds to benzenag [11]. The data on series 2.2].
vinylamines where the proton reacts with a carbon _ L
of the double bond [12] cannot characterize theVas a function existing in therogramequal to the

influence of vinyl substituents on the basicity of integer part of thex figure. Thelevel of the confid-
nitrogen. enceprobability in significance estimation was taken

equal to 0.95. The program gave a possibility to

Carbenes CF[13], CCl, [13] and SiH, [14, 15]  getermine the correlation only for a function of a
were included into the calculations only after Wesingle independenvariable.

checked in the original publications that the data . , .
regarded the species with the pairdctrons. The free energy of interaction of a compound with
roton that characterizes the basicity in the gas phase,

If a data available contained a large number OTI;)md the proton affinity differ by the entropy term and
similar compounds, only some of them weused. alter nearly in parallel. Themain investigation
For instance, as NRwere included NH, NMe;, and  concerned théPA values; for the resulting equations
NEt; but not NH,Me or NMeEs. the coefficients were also determined with respect to

The values of the constants of the electronic effect§he basicity in the gas phase. All the initial and
for the substituents,, s, ando, [16], o, or, andsg  Calculated values are given in kJ rifol

[17] were takenfrom reviews. | RESULTS AND DISCUSSION
The calculations were carried out on PC with the

use of common software of Microcal Origin type The derivatives of the elements from tlsecond
(Microcal Software, Inc). Theselection of coeffici- period of the Mendeleev Periodic Table that have
ents was carried out by the nonlinear least-squardsasicity (i.e., possessing a lone electron pair) may be
procedure, as3 was takenx - int(x), where int§)  represented as

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 8 2001



1198 IMYANITOV

Be BR CR NR; OR, RF Ne () acter of changesilters: fromdecrease in the down-
ward direction in group 15Fig. 1, MegN, MesP,

NR, and OR are commonly regarded as bases, RF isVle;As) to increase in groups 17 and (8ig. 1, MeF,

seldom considered asuch. Thebasicity of Ne may MeCl, MeBr, Mel; Ne, Ar, Kr, Xe). In the inter-

seem unexpected but the noble gases are known toediate cases the basicity may be constant within a

show definite and fairly large proton affinity [2, 3]. group;

- In group 15 sometimes are observed maxima on

Be, BR, and CR are introduced into series | in

keeping with the necessity to conserve an electro

pair to ensure basicity. Théata concerning the cor-
responding three groups are limited to Mg, £F
CCl,, and SiH [2, 3]. With CR, and SiH the

carbenes considered have paired free electron

[13-15].

At the first stage was considered tirgluence of
the elemenmature. Therewitlgoing from one group

of the Periodic System to another was accompanie

with a changing number of substituentsurther

after constructing the general equations the rol
played only by an element will be demonstrated

(Fig. 2, n 0).
Effect of Element El. The data available [2]

were sufficient to build three sets of compounds

EIR,; within each sets R were theame, and El
varied in widelimits. The set ofhydrogen compounds
included:

NH; H,O HF Ne

Mg SiH, PH, H,S HCI Ar (1
AsH, H,Se HBr Kr
H,Te HI Xe

Methyl compounds (sdtl) are presented irfrig. 1.
For R = Et the set was as follows:

Mg, EtN, EtP, EtO, ELS, EtF, EtCIl,EtBr, Etl, Ne,
Ar, Kr, Xe (Iv)

Hhosphorus; however it may lmaused by the altered
place ofproton addition(see the sectiorflnitial data
and performance of calculatiofjs An analogy exists
that suggests the presence of a real maximum in
the third period: such variation is observed with
electronic parameters of ligands Eli the coordin-
ation chemistry[18].

The analysis showed that the above relationships
ave the latter) can be described with functions (1)
nd (2). The first ofthese relations (decrease along
he period) is described whea coefficient is taken

ess tharzero, and to thesecond relation corresponds
b coefficient less tharzero. The thirdrule follows
from thesecond one it is equal to zero osmall, and
therefore the terncx does not change theattern.

However a quantitative consideration showed that
even when R in EIRis an “inert” H (set Il) the
accounting for a number of substituentsis useful
(see table, series 1.1 and.2).

Effect of substituents number n. Description
of changes in the substituents number wagied out
with a saw-tooth function| {x/8}—0.5| [4, 18] where
8 is a number of elements in the cycles the sum of
all s- and p-electrons in the element, | means that
absolute value should besed.

This function was first displaced along thxeacid
so that one of the maxima (they were equalOt®)
was located at NX = 7). The relation obtained
|{(x+ 1)/8}—0.5| was raised along the axis till the

The comparison of the values of proton affinity yalue for Be k= 4) was equal to zerqberillium had

and basicity in the gas phase revealed the following,o substituents).

trends in the setH -IV for groups 15¢a)-18(Vllla )
of the Periodic System:
- Along the periods from théeft to theright is ob-

Finally, thefunction formed

|{(x+1)/8}—0.5| -0.125 for B k= 5) was equated to
1 by dividing by its propewalue (0.125). As aresult

was obtained equatio3).

served a monotonous and parallel decrease in the

energy of affinity (Fig. 1, MgN, Me,O, MeF, Ne;
MesP, Me,S, MeCl, Ar) and basicity;

- Therewith the range of changes decreases in down-

ward direction in the Periodic Table (from the left to
the right in Fig. 1);

- Within the groups the changes are commonly con-" The equations |{(x+ o)/8}-0.5]

siderablysmaller. Ingoing along a group the char-

" n= 0,...2, 3,2, 1, 0; for AIHif = 1) and the other missing
compounds no data dPA was published in [2, 3].

RUSSIAN JOURNAL

X+ 1

n=| |{_8_} -0.5/ -0.125)/0.125  (3)

0.5 and |{(x+
1)/8}—0.5| + const= 0 were solved in succession to give one
of solutions asx = 1 andconst= -0.125.

x %1, 3, 11, 19, 27, 43 (i.e., Hioes not include H and
alkali metals).
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Proton affinity andgas-phase basicity of compounds EIRn depending on the overall numieretédctrons in the El and electronic parameters ofR (

is correlation ration)

Set of compounds EIRn| Eq. n S af(s) b(s,) c ()| d(s) | f(s) h (s) K(s) | m@s) | p(s)
Series
no. R Notation| Number| no.
of points
T
Pronon affinity
1.1 H I 17 1 0.949| 62 | -149 | -0.0316 0 751 - - - - -
(25) [(0.0092) (19)
1.2 H [ 17 5 0.975| 45 | -149 | -0.0457 0 654 402 - - - -
(23) |(0.0107) (30) | (108)
2.1 Me 1] 14 1 0.928( 97 | -160 | -0.0276 |-1.8C' | 871 - - - - -
(52) |(0.0200) |(5.00) | (83)
2.2 Me 1] 14 5 0.997| 20 | -172 | -0.0562 | -2.53| 710 741 - - - -
(18) |(0.0080) |(0.97) | (20) (49)
2.3 Me I, 13 5 0.998( 20 | -164 | -0.0594 |-2.01* | 673 827 - - - -
no Mg (20) |(0.0095) |(1.08) | (40) (94)
2.4 Me v 14 6 0.967| 70 | -962 [-0.033F |-6.87 | 988 | 1050 - - - -
(388) {(0.0313) |(9.37) | (146) | (150)
2.5 Me Il 14 5 0.996| 24 |-1826 |-0.0558 |-2.53 | 722 | 727 - - - -
(21) |(0.0086) |(1.13) | (24) | (574)
3 Et v 13 5 0.998| 18 | -136 | -0.0375 0 691 833
(8) 1(0.0038) (12) (49) - - -
4.1.1 |Various| Il1-V 43 7 - 44 | -207 | -0.0635| -4.12| 756 - -9416 | -757 | -243 361
(35) (0.0133) |(1.18) | (31) (1680) | (418) | (388) (87)
4.1.2 |Various| Il -V 43 7 - 43 | -209 | -0.0645| -4.04| 751 - -10130| -522 0 378
(35) |(0.0133) |(1.16) | (30) (1220) | (184) (82)
4.2 Various | 11-V 43 8 - 37 | -182 | -0.0555| -2.53| 722 - -954 | -1306 |-1156 301
(26) |(0.0108) |(1.07) | (28) (113) (282) | (343) (74)
4.3 Various | 11-V 43 10 - 56 | -769 | -0.021f |-4.26" | 978 - -1168 | -1010 | -678 464
(201) |(0.0205) |(6.39) | (95) - (171) (420) | (520) [ (109)
4.4 Various | 11-V 47 7 - 50 | -205 | -0.0611 | -4.89| 788 - -3584 | -1962 |-1261 325
(38) |(0.0141) |(1.21) | (33) (657) (296) | (313) (99)
4.5 Various | I1-IV° 28 7 - 34 | -186 | -0.0580 | -3.42| 737 - -4643 | -3555 |-2054 324
(64) [(0.0198) [(1.19) | (30) (767) (608) | (332) (88)

NOILATIDSHA ¥0d SNOILONNA DILDHATVIA
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0021

Table (Contd.)

Set of compounds EIRn| Eqg. n s |a(s)| bs) |[c@®|d@E)|f6E | 9 | hs) | k@E) [ ms)| p(S)
Series
no. R notation |number | no.
of points
T T

Basicity in gaseous phase

5 H Il 17 5 0.975| 45 | -150 | -0.0462 0 630 370 0 - - - -
(23) |(0.0107) (29) | (107)

6 Me Il 14 5 0.997| 20 | -174 | -0.0570 | -2.60 | 688 717 0 - - -
(18) |(0.0080) [(0.97) [ (20) | (49) |

7 Et v 13 5 0.998| 18 | -137 | -0.0379 0 668 | 8100| - - - -
(8) | (0.0038) (12) | (48)

8.1 Various | 1I-VI 47 7 - 50 | -206 | -0.0617 | -4.93| 765 - - -3627 | -1990 |-1299 295
(38) [(0.0141) (1.20) | (33) (653) (294) | (311) | (98)

8.2 Various | II-V 43 8 - 36 | -183 | -0.0562 | -2.56 | 699 - - -965 | -1322 |-1196 272 5
(26) [(0.0106) [(1.04) [ (27) (110) |(276) (335) | (72) DZ>

8.3 Various | Il -Vic 28 7 - 33 | -187 | -0.0587 | -3.41 | 714 - - -4712 | -3594 |-2096 291 g
(64) | (0.0198)((1.17) | (29) (757) (600) | (328) | (87) <

2 The coefficient is insignificant but it was not neglectedoirder toexclude the assumption that this procedure at least partly provides the differences under discussion.
® Coefficientsa, b, ¢, dare taken from the 4.2 series of thable;f value is calculated along equation (12) amrg from series4.2.
¢ The derivatives of elements from tisecond period were not taken indgcount.
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It is easy to show that by substituting the ap- For description of methyl and hydrogen com-
propriatex we obtain just the necessamyalues: pounds the equations with a tangent function (1) and
(5) always gave better approximation than the equa-

Be B C N O F Ne P Te tions (2) and (6) based on a set of straight lines
X 4 5 6 7 8 9 10 15 32 (series 2.2 and2.4).
nbyequation(3)0 1 2 3 2 1 0 3 2 By estimating the coefficients (see table) in equa-
nbyequaton(4) 0 1 224 2 1 024 2 o47(5) was solved a problem of calculation BA

for any compound ofp-elements EIR with R = H,
Equation (3) describes adequately the effect of thge axd Et.pHoweverpfor the otherlﬁ;ubstituents were
variable number of substituents on the basicity Ofjacking data for building up the initial sets of type.
EIR, only when the effect of the substituents iSthjs problem can be solved as accumulate experi-
additive. This is thecase when the influence of R is mental and calculatediata.
not very strongwith the strongeffect usually occurs

a saturation. Nonetheless, equations (5) and (@&ve a funda-

_ _ _ mental drawback. The characteristics of substituents
In the case of saturation may be applied a functionR (polarizability, inductiveeffect) are not explicitly
expressed in these equations, and therefore they are
o 3 o included intof values. As a result every substituent
n= [sin(; x+ <)+ sin J/sin 7, (4)  requires a separate equations.

Generalized equations. The logical approach

; ; ; suggests that R can be characterized by the overall
obtained proceeding from Sinif8) by the above umber ) of s and p-electrons in the atom of the

described procedure (the values of the correspondir%Jbstituent (as has been taken abgve characterize
maxima are with sine equal to 1). We give also som ). Then instead of € in equation (5),

values of this function. similarly to equation (1) should be writtegg(y+
The combination of equation§l), (2), and (3) 3/16rx)+ ky+ m. The formula obtained is veryulky,
affords functions (5) and (6) taking into account theand it fits only to monoatomic R. Therefore to build

number of substituents. up the universal relationships were used substituent
constants characterizing their polarizability, inductive
y = (1)+fe%n (5) and resonance effects. Two systems of constants were

©6) appligd: G| - Oy ~ O¢ [16] and O, - Of - OR [17].
The first system is very extensively developed, and

the efficiency of the second one has been previously

demonstrated just in description of proton transfer

reactions in the gas phase (for the sets of FNh

the constant El and variable R).

y (2)+fe¥n

With R = Me the correlations and standard devia-
tions were significantly improved on going from
equations (1) and (2) to equations (5) and ((elg. 1;
table, series 2.1 and.2). The accumulation of
methyls considerably increases the basicity of com- Combining functions (1) and (2) with these
pounds. This is understandabsence although the systems of constant provided four equations.
inductive parameters, for H (see above) and Me are

close tozero,they are smaller that those of the other y = (1)+ (hoe+ koy+ moy+ p)y (7)
substituents save M8i [16]. Consequently, H and y = (1)+ (hoa+ kop+ mog+ p), (8)
Me do not possess acceptor qualities in the system y = (2)+ (hoe+ ko,+ mo,+ p), 9)
taken for standard, andthey should be relatively y = (2)+ (hoa+ kop+ mog+ p)y (10)

strong donors with respect to a fragment with a sig-

nificant positive charge which arises qmotonation. The sets of compounds$-IV were combined and

supplemented with seé¢ where were included EIR
Alongside the inductive effect the alkyl substitu- with R possessing extremal or close to tbatalues:

ents favor the distribution of the charge by polariz-

ability resulting in a stronglyenhanced gas-phase CF,, CCl, NF,, (MeO)}P,i-Pr,0, t-Bu,0, (Mg;Si),0, (V)

basicity [1, 17]. CF.-F, FCH-F
" The cofactor1/0.125 fromequation (3) in calculations was “Compounds with n= 0: Mg, Ne-Xe at combin-
included into coefficient and further inh, k, m, p ing the sets were included onlgnce.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 8 2001
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The set obtained 4V (II+ Ill+ IV+ V) may be the above mentioned maxima on the phosphorus
treated along any of the equations-1D), but the derivatives).
initial data and accordingly the results are limited to

. : . The elements of the second period wéoemerly
\?Ji'&h?;?e%?ﬁng?gslg:' It were included the ComloounOISexcluded in description with dialectic functions of the

electronic parameters of ligands in the coordination
chemistry [18]. In the present report the comparison
VI :
NPh, PPh, AsPh, SbPh Vi of series 4.4 andl.5, 8.1 and 8.3demonstrates the

the set would be more representative but it cannot beduced standard deviations at such exclusion. Equa-
described by equations (8) and (10) since the value';éﬁgu(lg)bﬁ'tgpﬁfegﬂgﬁéglimg:%? gfegr%?[oﬁlz f?ilgi(:yséid
Cor OF andcs forthe phenyl group are !acklng. _ gas-phase acidity of derivatives of the elementsn

A comparison of results of applying equationsjjj_v|| periods.
(7-10) or (7, 9) to the described two combined sets _ i _
showed that functions (9) and (10) based on the frag- Geometry of relationships. In functions (#10)
ments of straight lines provided less accurate descrigdr® four independentariables, andhey are realized
tion. The coefficients at the resonance constants i & five-dimensional space. However these equations
this case were insignificant (serie&3). can be transformed into dependencies (5) and (6) that

can be realized in three dimensions.

Equation (8) of the functions based on tangent _ _

(series4.1, 4.2) including the substituent constants Comparing equations5), (6), and (#10) we see

6,~0-0g [17] gave a littlemore preciseesults. that atg = 0 (in conformity to table)

The standard deviatiorsfor individual sets of the f = hog+ kai+ mog+ p (11)
methyl and ethyl compounds (serigs2, 3) are f = hog+ koo + mog+ p (12)
smaller than with the combined sets (seri#d.2,

4.2), but thesecond version includesiore experi- Thus thef values describe the overall electronic

mental data. As a result theonfidence intervals are effect and unambiguously characterize each substitu-
virtually identical: 12 and 11 kJ mol ( for series ent. If thef value were regarded as characteristics of
2.2 and 4.2 respectively). The application of thethe substituentnature, then equations (5) and (6)

coefficientsfrom the set 4.2 to thease of R = Me would become functions of two independent variables

gives a particular set 2.5 close in accuracy of descrip¢x andf) that may be displayed in a three-dimensional
tion to the set 2.2 (se¢able). space.

All the results cited above were based on the data To show the form of the surface expressed by

of PA The next stage consisted in selection of thesquation (5) were calculated tfievalues according to
most adequate among equatioobtained, and co- equation (12) and coefficients-p from series4.2.
efficients were determined for describing the basicityror H, Me, and F the values weB91, 727,-1009.

in the gas phase (series&. The calculated values These substituents are located on fhaxis just at

of coefficientsa, b, and c were the same as in thesevalues, The sections of the surface in question
equations for the proton affinityd for the basicity is  with the planes normal td axis at the above values
smaller by a constant value of 224 kJ mol™. provide the curves corresponding to compounds

As follows from the above, thealculation ofPA  ElHn, EIMe, (series2.5), and EIF.
and the gas-phase basicity for compounds with phenyl |t is seen inFig. 2 aswith decreasing from 727
groups should be performed with the use of equatiofiMe) to -109 (F) the secondarymountain ridgé
(7) with appropriate coefficients (seriés4, 8.1). For (EIMe,) on the slope of the*main ridge’ (general
aliphatic compounds a little more accurate resultsrend of decrease along a period) through a smooth
provides equation (8) (serie4.2, 8.2). descentif = 0) comes to a slightvalley” (EIF,).

The accuracy can be considerably raised by exclud- [In discussion of the curve® on Fig. 2 cor-
ing the derivatives of the elements of the secondesponding to curves Meon Fig. 1 itseems presum-
period. These elements are cainosymmetrics, andble that the maximum is due to an experimental
their properties frequently deviateom general rela- error in determination of proton affinity for magnes-
tionships. Therefore in moving along a group mayium or by the s-character of Mg However on
arise extrema on the elements of the third pel@@ee excluding magnesium (seri&3) themaximum does

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 8 2001
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not disappear, even becomesmore pronounced
(Fig. 3)] A

The curves corresponding ta = 0 (Fig. 2) kJ mol '
describe the effect of replacing elemehin pure
stat€’, unaffected by the character and number of
substituents. 1000

The maxima and minima on the curves arising
from changes in the number of substitueiEsg. 2)
are not consistent with the common viewpo[io,

20] which assumes that the basicity of compounds 8001
with the same substituents EJRliminishes from the
left to the right in the period due to the growing
charge of the nucleus of the element ElI.
600 |

In the past the effect of theumber of substituents
was not revealed because the basicity was considered
within limited sets (theright parts of curves on
Fig. 2) of compounds from 1517 groups(see also
above, thesection“Effect of element El). Besides in 400 T S
going from group 15 to 17 the charge on thecleus 20 2428 3S2+36
grows, and thenumber of substituents is reduced; P
with donor substituents both factors decrease the |
basicity, and it is difficult to separate individual
contributions. Fig. 2. Functions describing proton affinity of compounds
for any elements EIRwith R = H, Me and F, and also
with no substituentsn(= 0) [Equation(5), series2.5, 4.2].

Although the relationships presented &éig. 2
seem logically confirmed it is necessary to obtain as
proofs experimental data on proton affinity of
metallic Be and Ca and (or) of monomethyl (mono- P,
ethyl) compounds of B, Al, and Ga, also dimethyl kJ mol
(diethyl) compounds of C, Si, and Ge. The calcula-
tion of electronic effects of substituents with the use
of equations(11, 12) provides an understanding of
some strange from the first sighita. Thus thesub-
stituents H and CI turned out to have cldsealues
(301 and 320 respectively: the polarizability and the
resonance effect of chlorine were neutralized by its 800}
inductive effect. Consequently, the carbenes,@Hd
CCl, have nearly identical values giroton affinity
(206.3 and 206.%cal morl* respectively [13]).

It should be noted in conclusion that since the 600 |
famous works ofD.l.Mendeleev interpolation and
extrapolation along the groups and (or) periods of the
Periodic Table served as important source of data on
the properties of elements and compounds. However 400 L
these operations require availability of a fairly large 4
set of data.

The relationships developed in this study are
suitable for alls- and p-elements and therefore they
allow to use significantly less initialdata. It is
important that the data may be incomplete within the Fig. 3. Variation in the curves describing proton affinity
groups and periods of elements, may be stray within in set Ill on excluding magnesium [Equatiq3), series
types and number with respect to the substituents at 2.2, 2.3].

1000 }

20 24 28 32 36
: S+p
H
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the elements. If it is possible toalculate by tradi- 8.
tional methods the properties of Spkh set I, the
basicity in the gas phase ami of chlorine deriva-
tives EICI,, cannot be reckoned: the initial data are 9.
limited to a single compoun(CCl,).

The calculations are especially valuable when the g
experimental data cannot be obtained. For instance,
the gas-phase basicity of nitrogen and oxygen in vinyh 1
compounds cannot be measured directly since the
proton adds to the doubleond. This and the other
cases were considered in the sectidnitial data and 12.
performance of calculatioris
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