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ABSTRACT

The triads H-F-CI and He-Ne-Ar have been discussed and these triads are found useful in connecting H
and He with respective halogen and noble group elements. Triad of yttrium with lutetium and lawrencium
shows kinship of the later two with yttrium in comparison to La and Ac and favors their placement in
group-111 B of the periodic table. The Dobereiners’ triads, a group of three elements with almost similar
appearance and properties, is the first significant attempt to group elements by developing relation
between the properties of the elements and their atomic weights [1]. Mendeleev [2] used the triad
behavior as the basis for predicting the properties of three ““missing elements”. Later on the electronic
configuration of the elements revealed that the triads belong to the same group of modern periodic table
[3] and so they exhibit similarities in their properties. All the triads, twenty six in number, so far
recognized have the elements of the same periodic group of the table [4].The new triads including H and
He have been identified and their usefulness along with Y triad [4] as teaching aid in periodic system is
the content of the present investigation.
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Group Position of H and He

Hydrogen (1s%) and helium (2s°) are the member of alkali and alkaline earth metals [5-8] respectively. The
position of hydrogen with the alkali metals is based on the similarity of the valence shells of this family:
each of the elements possesses a half-filled s-orbital, namely, H 1s, Li 2s*, Na 3s*, and so on. Like M"ion
of alkali metals (1LA), H has also well established H* ion chemistry, acid-base chemistry, in particular.
However, the properties of hydrogen differ significantly from those of the alkali metals. Hydrogen is a
diatomic gas like halogens, not a reactive metal. In addition to this it forms hydride ion, H" by gain of an
electron as halide ion, X is formed by halogens. The ion, H™ reacts with alkali metals and form salt like
hydrides comparable to the salts formed by the reaction of the halogens with alkali metals. The compounds
of hydrogen with nonmetals usually are covalent in nature. On the other hand, alkali metal gives ionic
compounds with nonmetals. These resemblances of hydrogen with halogens favor the inclusion of
hydrogen with halogens (VI1A).Though hydrogen is usually placed at the head of group 1A but there are
the periodic tables that also place it at the head of VIIA group, giving more than one position to hydrogen
in the periodic system [9, 10]. Not only this, some periodic modifications give a separate position to
hydrogen as on the top middle of the periodic table [11-13]. The electronic structure of helium is similar
to that of alkaline earth metals [14] i.e. it has completely filled s- orbital so G.T. Seaborg in the year 1969
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placed it next to H instead of on top of Ne in extended form of the periodic table [8]. Helium, except its
electronic structure, has little in common with 11A members. However, like noble gases, it is an extremely
inert monoatomic gas and largely exhibits the behavior of noble gases. So the position of helium has
ultimately been accepted in periodic classification with zero group elements.

The members of 11I1B Group

The complete or incomplete electronic shells were used by Bohr [14] to classify the elements and La and
Lu both contain two imperfect shells so they were grouped as transition elements and La is placed as the
congener of Sc and Y. Goldschmidt [15] used “lanthanide” to mean those elements with atomic number
greater than 57 but like lanthanum. There are many periodic modifications [8, 16-18] which are based on
natural order of atomic number, place Lu and Lr rather than La and Ac in group —IlIB below Y. W.B.
Jensen [19] discussed the properties of Lu and Lr and presented great evidences to support unanimously
the placement of Lu and Lr rather than La and Ac, in group- IIIB. In the same article, the later two
elements have been added to the list of elements of irregular electronic configuration and placed with inner
transition elements. Recently M. Laing [20] proposed a revised periodic chart with repositioning of
lanthanide and actinides and all the four elements- La, Ac, Lu and Lr are included in group-111B. However,
the International Union of Pure and Applied Chemistry (IUPAC) [21] table separates out 15 lanthanides,
La-Lr and 15 actinides Ac-Lr by leaving gaps in group 3 under Sc and Y.

The Triads

The groupings of the elements (figure 1) H-F-Cl, He-Ne-Ar and Y-Lu-Lr [4] obey the law of triad i.e. the
atomic weight of middle element in each triad is close to the average of the atomic weights of the other
two elements (table-1). A numerical relationship in their size also makes them good triads (table-2).

Table 1 Triads of H, He and Y.

Est. At. Wt. of 2"
Triad Accepted Atomic Weight element.
1 1.00 (H) 18.99 (F) 35.45 (CI) 18.26 (F)
2 4.00 (He) 20.18 (Ne) 39.94 (Ar) 21.97 (Ne)
3 88.90 (Y) 174.97(Lu) 262.00 (Lr) 175.40 (Lu)

Table 2 Atomic size (A°) relation in triads of H, He and Y

Estimated Differen_ge inO
Triad . covalent covalent radii (A") of
Accepted covalent radii(A”) radiii (A%) 2nd element
0.30 (H) 0.64 (F) 0.99 (CI) 0.64 (F) 0.00
0.93(He) 1.12 (Ne) 1.54 (Ar) 1.24 (Ne) 0.12
3 1.06 (Y) 0.85(Lu) 0.95(Lr) 1.00 (Lu) 0.15°

* |onic radii of M™®
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The question of resemblance of H and He with VIIA and zero groups respectively, has often been raised
by students during teaching of periodic classification of the elements. A simple but definite answer to the
question is the triad behavior of these elements. H does not form triad with Li and Na but it does so with F
and ClI. Similarly no triad is formed by He with Be and Mg. However, He -Ne -Ar is such an effective triad
that makes He the known member of zero group. Thus in H electronic structure as well as its triad behavior
both is equally important whereas in He it is its triad nature that dominates and it shows almost no
resemblance with alkaline earth metals.

To chemistry educators, the subject concerned with the family member of I11-B group, always puts them in
a difficult position with their students, as no definite solution exists in chemical literature to the question of
d*-family. Ibrahim [4] has recently reported ten d-block triads including the triad, Y-Lu-Lr. All these triads
involve elements of 4d, 5d and 6d series only. The 3d elements have no such numerical relationship with
4d and 5d elements. However, La and Ac do not form triad with Y when grouped as elements of 111-B
group. This deviation reveals that La and Ac, though they have many similarities in properties with Sc and
Y, are not the true members of 111-B group, as they do not follow the group trends of d-block elements.
The atomic radii (A% of 1A and some d-block elements [22] are presented in table-3. Atomic size, a
physical property of the elements that exhibits a definite group trend, increases on going down the group.
However, due to post lanthanide contraction effect [23] a decrease or little change in size is observed
between the elements of 4d and 5d. The I11-B group with Lu, as member follows the usual group trend in
size of the elements that are observed in d-block (table-3). On the other hand, if La is considered as
member of the I11-B group it shows group trends as that of s-block elements. This atomic size relationship
of Lu further substantiates the triad behavior in justifying the position of Lu and Lr as elements of 111-B
group. Thus the triad behavior of Y is useful in making the simple and meaningful solution to the subject
of its higher congeners in 111-B group. Furthermore, it is interesting to mention here is that a new triad, Sc-
Y-La is formed when La is considered as an element of 5d family. This new intra block triad, Sc (3d)-Y
(4d)-La (4f) connects elements of d-block in terms of triad behavior with f-block elements and suggests
that a new series of triads also exist in the periodic table.

CONCLUSIONS

The Dobereiners’ triads, an early attempt to group elements with numerical relationship, are also useful in
assigning the particular position of the elements like hydrogen, helium, lutetium, and lawrencium which
have more than one position in the frequently used medium long form of the periodic table. In periodic
teaching, the triad numerical relationship that have been discussed in the present study will help to the
chemistry educators to evolve a new approach with respect to the position of the elements, H, He, Lu, and
Lr in the periodic classification of the elements.

Table 3 Atomic radii (A°) of 1A and some d-block elements.

IHA 111B 1B IVB VB VIB VIIB
Ca . V Cr

197 Sc 1.61 Sc1.61 Ti 1.45 132 195 Mn 1.24
Sr Y Zr Nb Mo

2.14 1.81 Yy 181 1.60 1.43 1.36 Tc 1.36
Ba Hf Ta

217 La 1.88 Lu1.73 157 143 W 1.37 Re 1.37

678
www. joac.info



Narendra Singh Bhandari Journal of Applicable Chemistry, 2013, 2 (3):676-679

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]

[22]
[23]

REFERENCES

J.C. Poggendorff, Annalen der Physik und Chemie, 1829, 15,301-307.

D. Mendeleev, Zeitschrift fur Chemie, 1869, 12,405-406.

G.N. Quam, M.B.Quam, J. Chem. Educ. 1934, 11,217-221

S.A. Ibrahim, J. Chem. Educ. 2005, 82, 1658-1659.

S.A. Baboor, J. Chem. Educ. 1944, 21, 25

J.E. Huheey, Inorganic Chemistry, 3" Ed., Harper Collins Publishers, Singapore, 1983.

E. Scerri, Inter. J. Philosophy of Chem.2005, 11, 127-45.

Wikipedia The Free Encyclopedia, http://en.wikipedia.org/wiki/periodic_table _ (extended).
(accessed June 2007).

R.L. Rich, J. Chem. Educ. 2005, 82, 1761-62.

M. Laing, Foundation of Chemistry, 2007, 9, 127-37.

L.Pauling, P.Pauling, Inorganic Chemistry, W.H. Freeman and Company, 1975, 110.

Greenwood, N.N. and Earnshaw, A. Chemistry of The Elements, Pergman Press, 1984.

D.F. Shriver, P.W.Atkins, Inorganic Chemistry, Oxford University Press, 2004.

M.Z. Bohr, Phys. 1922, 1, 9.

V.M. Goldschmidt, Skrifter Norske Videskaps, Akad.Oslo, 1 Mat.Nat.Ki, 1925, (5); Chem. Abstr.
19, 2764.

H.H. Dash, J. Inorg. Nucl. Chem. 1967, 29. 1811.

Periodic table, http://www.osti.gov/energycitations/product.biblio.jsp ?osti_ id=4187869
(accessed August 2007).

The Chemogensis (Periodic Table Information), http://www.meta-
synthesis.com/webbook/35_pt/pt.html#blocks.

W.B. Jensen, J. Chem. Educ. 1982, 59, 634-38

M. Laing, Foundations of Chemistry, 2005, 7, 1386-91.

IUPAC Periodic Table,  http://www.iupac.org/repors/periodic table/ IUPAC Periodic Table-22.
(Accessed June 2007).

J. Emsley, The Elements, Oxford University Press, 1989

D.R. Lloyd, J. Chem. Educ. 1986, 53, 502-05.

679
www. joac.info



