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Glockler: Systems of Chemical Compounds

SYSTEMS OF CHEMICAL COMPOUNDS

Geo. GLOCKLER

Introduction: The nitrogen system of chemistry is well known
through the work of Franklin (1935) and others and the numerous
relations existing between the nitrogen and oxygen systems of
compounds, are illustrated by many examples in the monograph
just cited.

Isoelectronic system: It has been found that these relations can
most easily be seen on the basis of a table first given by Grimm
(1925) of isoelectronic systems of radicals and atoms. Grimm
used the term pseudo-atom for radicals isoelectronic with the par-
ent atom. For example methine (CH) is a pseudo-atom of nitro-
gen and methane (CHy) is a pseudo-atom of neon. The properties
of radicals and atoms so related are very often closely alike. That
methane is rare-gas-like has been shown earlier (Glockler, 1926).
The table of pseudo-atoms as rendered by Grimm has been ex-
tended to include boron and its hydrogen containing radicals
(Glockler, 1928). In Table I this extension is added in the last
horizontal row. It can be seen that a system of boron-hydrides
should exist and of course it is known through the work of Stock
(1933) and Schlesinger (1981). The addition of neon-hydride ion
(NeH)" to Grimm’s original table is quite logical as such rare
gas hydride ions have been found in the mass-spectrograph (Bain-
bridge, 1933; Lukanow and Schutze, 1933; Bainbridge and Jor-
dan, 1936).

The nitrogen and oxygen systems: The relationships existing
between these two systems of chemistry are readily understood on
the basis of the table of pseudo-atoms. Groups in the same ver-
tical column possess similar electronic structure and may be ex-
pected to replace one another. The various systems of chemistry
are given by the horizontal lines. From the right middle portion
of the table we can see that NH;, NHo, NH are to be replaced in
the water or oxygen system by H,O, OH and O respectively. In
any given compound there is usually a central atom around which
these radicals are located. It is quite obvious that a great deal of
information can be systematized by using this portion of the table.

Equivalent groups: The usefulness of the table may further be
extended by adding the portion to the left of the diagonal center
line containing the atoms. The question may be asked: What group
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in the water system is equivalent to the nitrogen atom itself? To
answer this question one reasons as follows: It is noted that the
right half of the table is constructed by adding hydrogen atoms
to the group in the preceding column. Similarly removing hydro-
gen atoms from any one group, produces the radical or atom to the
left of the given structure. In order to obtain the oxygen equiva-
lent of the nitrogen atom, one would have to remove one hydro-
gen atom from the oxygen atom itself. This cannot be done with-
out destroying it. However we can get the oxygen equivalent of
the nitrogen atom in an indirect manner.

It is well known that the hydrolysis of nitriles leads to car-
boxyl-group formation:

-CN + 2H,0 —— -COOH.NH;

From this reaction we see that the grouping O(OH) is equivalent
to the nitrogen atom. This point can be shown further by consider-
ing the carboxyl group -COOH and writing it in the ammonia
system as -C(NH)NHo.. Since it is always possible to add or sub-
tract appropriate solvents molecules, -C(NH)NH, can be written
as -CN -+ NHs;. In this manner the equivalent groups in the left
half of the table have been constructed.

Similar tables of pseudo-atoms and equivalent groups have been
found useful for the other rows of elements of the periodic sys-
tem. (Tables II to IV). In going from left to right in any one
row, hydrogen atoms are added, one by one, and a complete hyd-
ride molecule is removed as soon as it occurs. For example, Sb:H-
and H give Sb:Hs or Sb 4 SbH: leading to Sb in the next col-
umn (see Table IV). With the help of these tables it is an easy
matter to study and correlate reactions in the various systems of
chemistry. For example the following oxydation-reduction reac-
tions of the ammonia system are more readily understood when the
water-equivalents are known:

KCN+KNH2 — K:CN:4N-: (NHz system)

KCOOH+4KNO: —» K:CO:4+HNO: (H:O system)

KCN4-2C:N: — KC:N:4C:sN: (NHs system)
KCOOH+(COOH): - KHCO:+C0O:43CO+4H:0 (H:O system)
KCN+ClL.NH: -» KC:N:4+KCI4+NH:Cl (NH: system)
KOH+KCOOH-+CIOH — K:COs4+HCI4H:0 (H:0 system)

It is of course not to be expected that the course of reaction
should be exactly the same in the two systems. The general rela-
tions are however most obvious on the basis portrayed above.

Summary: The various systems of chemistry such as the am-
monia or nitrogen system and the water or oxygen system can best
be studied on the basis of isoelectronic radicals and corresponding
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TABLE 1
Nat
Ne N eH+
5F 4F 3F 2F F FH FHQ*(?)
20 + OH 20 O + OH (6] OH OH, OH,*
N+ NH N + ]\"H2 N NH NH2 NH3 NH4*‘
CH + CH,C CH CH, CH, CH, CH*
B BH BH, BH, BH, BH, DBHy
TABLE II
A KH+
401 3C1 2C1 C1 CI1H CIH,*
28 S,H S SH SH, SH,*
P.H, P PH PH, PH, PH;*
Si SiH SiH, SiH3 SiH, SiHj*
TABLE 111
Rb*
Kr KrH+
4Br SBr 2B Br BrH BrHQ+
285e Se,H Se SeH SeH, SeH,*
As,H, As AsH Ast AsH AsH *
Ge GeH GeH, Gell, GeH, GeH;*
TABLE IV
Cs*
Xe XeH+
4 3l 21 I IH IH,*
Te, Te,H Te TeH TeH,, Teﬁ3+
Sb,H, Sh- SbH ~ ShH,  SbH, SbH
Sn SnH SnH, SnH, SnH, SnH_*
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atoms. The usual tables of these isoelectronic systems or pseudo-
atoms are extended and these new arrangements show many inter-
esting relationships between the various systems of chemical
compounds.

DerartMENT OF CHEMISTRY,
Srate UNiveErsity oF Iowa,
TIowa City, Iowa
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