GENERAL ARTICLES

Periodic table of elements revisited for
accommodating elements of future years

M. C. Rath

The periodic table of elements shows only three columns and two separate rows for lanthanides and
actinides called lanthanide and actinide series respectively. The newly discovered elements have
already occupied the last row and last column of the table, which has the electronic orbital confi-
guration, 7s° 5f'* 6d'° 7p°. After the discovery of two more new elements with atomic numbers 119
and 120, the third new element with atomic number 121, will have to be entered in the g-block
series, according to the electronic orbital configuration theory, 7s° 5f* 6d'° 7p° 8s’ 5g'. Thus, in
the present periodic table, such new g-series has to be written separately below the actinide series.
Such a representation of elements would be quite confusing. Therefore, to avoid this and also to
ensure the visibility of the ‘concept of inner orbitals like d, f, g, etc.’, a new and expanded form of
the periodic table has been designed. This table is expected to accommodate all the new elements
of higher atomic numbers and also give instant information on the electronic orbital structure of an

element.
Keywords:

THE discovery of periodic table goes back to nineteenth
century. Several models were designed to accommodate
the elements in a sequence based on their atomic weight,
name, etc. Mendeleev’s design of periodic table based on
atomic number became the most popular and accepted by
the scientific community. This periodic table is still being
used today. The concept of atomic number, i.e. the num-
ber of electrons or protons in an atom is fundamental and
is the basis of its structure and properties. The newly dis-
covered elements are well accommodated in this table
according to their atomic number. An atom consists of
various shells in the order: K, L, M, N, etc., which con-
sists of various orbitals like, s, p, d, f, etc. Therefore, the
periodic table is also designed as the s-block, p-block,
d-block, f-block, etc.

Until now, elements up to the last p-block have been
discovered. The last element with atomic number 118 has
the orbital structure, 7s* 5f'* 6d' 7p°. A new element
with atomic number higher than 118, will enter a new
row, i.e. 8th row, with an orbital 8s. However, new ele-
ments with atomic number more than 120 will not enter
either f-block or d-block series. In the present periodic
table there are seven periods or rows, ending with atomic
number 118. If elements with atomic number higher than
118 are discovered, then there should be an additional
period or row which will be the 8th period/row. Further,
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any element with atomic number >121 discovered, will
be called the g-block element, which will be placed in
this 8th period. In this regard, a periodic table with eight
periods/rows containing this g-block was suggested by
Glenn T. Seaborg in 1969 (ref. 1). Fricke et al.® also
predicted an extended periodic table up to an atomic
number 172. However, a detailed discussion on the
extended periodic table in order to accommodate future
higher elements is yet to be made. In this context, based
on the atomic structure model, the periodic table has been
revisited, designed and discussed in this article. It is
expected that this newly designed periodic table will be
helpful for researchers as well as students.

Discussion

The present periodic table is filled up with elements with
atomic number up to 118. Any newly discovered element
with atomic number 119 and 120 will occupy the s-block
of the table without any difficulties. However, elements
with atomic numbers >121 up to 138 if discovered, will
have to be accommodated in separate series called as
g-block and elements with atomic numbers >129 up to
152 will have to be put in an another f-block series. These
have to be entered separately below the main table. In
such a case, the table will appear congested and compli-
cated.

The basic principle in the construction of a periodic
table is the atomic number of the elements and orbital
structures. The orbital structure of elements follows the

CURRENT SCIENCE, VOL. 115, NO. 9, 10 NOVEMBER 2018



GENERAL ARTICLES

formula, 40 + 2, and hence can be written as: 1s 2s 2p 3s
3p 3d 4s 4p 4d 4f 5s 5p 5d 5f 5g 6s 6p 6d 6f 6g 6h 7s 7p
7d 7f 7g Th 7i 8s 8p 8d 8f 8g 8h 8i §j, etc. The azimuthal
(orbital) quantum number, ( = 0 stands for the orbital, s,
and similarly 1 for p, 2 for d, 3 for f, 4 for g, etc. This can
also be presented as shown in Figure 1.

The marked lines in the figure indicate the rows of the
periodic table. Hypothetically this table can be extended
up to infinity. In the left side, K, L, M, N, O, P, Q, R are
the shells of atomic structures and in the right side, 1, 2,
3, 4, 5, etc., represent the row number of the periodic
table. Besides s- and p-blocks, the d, f, g, etc., are heavier
in nature and lie within s- and p-blocks as shown in
Figure 2.

This means, d is nearer to p than f and similarly f will
be nearer compared to g and so on. The figure shows that
the 5th shell has g orbitals corresponding with the 8th
row of the periodic table. It is also seen from Figure 2
that after every two rows a new column (block) is added
into the table, which is further interior in the atomic
structure.

Figure 1. Atomic orbital structures-I.
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L |2 1 2ps
M | 352 3p*
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R8s sg 4 /d//zp/
Figure 2. Atomic orbital structures-I1.
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It is clear from Figure 2 that all the atomic orbitals are
mainly confined within s and p orbitals for a given quan-
tum number. For the first principal quantum number,
n=1, it is only 1s; for n =2, these are 2s 2p; for n =3,
these are 3s 3p. However, from n =4 onwards the situa-
tion becomes different, i.e. 4s 3d 4p for n=4; 5s 4d 5p
for n=135; 6s 4f 5d 6p for n =6 and 7s 5f 6d 7p for n=17.
Therefore, proceeding in this manner it can be predicted
that for n =38, these would be 8s 5g 6f 7d 8p and this
trend could be hypothetically extended up to infinity.
However, because of energy constraints and overlapping,
there might be a high probability of instability in those
elements with n =8. It is also seen from atomic orbital
structure-1I (Figure 2) that the overlapping of the shells
starts from n =3 and this increases with increase in the
principal quantum number.

The shapes of the atomic orbitals from s to g orbitals
are available in the literature. For example, Jim Holler’s
website contains the three-dimensional structure of these
orbitals®. Based on these principles, a newly designed pe-
riodic table is shown in Figure 3. This periodic table is
expected to accommodate both the existing and future
elements with higher atomic numbers. In the table, the
numbers written in each location in the 8th row represent
only the serial number of those places (Figure 3). It is
also clearly seen that the gap between s and p orbitals
have increased with increase in the row numbers of the
new periodic table.

One should note here that certain anomalies exist in the
exact orbital structures of lanthanides (La) and actinides
(Ac) and their positions in the present periodic table. For
example, La and Ac are supposed to be in the d-block be-
cause of their orbital structures, [Xe]5d' 6s® and [Rn] 6d
7s* respectively. On the contrary, these two elements are
often called as f-block elements, despite their position in
the first group in d-block series. Yb and No should not
have f'* orbital configuration, but their configurations are
[Xe] 4f'* 6s” and [Rn] 5f'* 7s* respectively, which indi-
cate that they should be the last f-block elements. How-
ever, Lu and Lr are considered as the last f-block
elements, i.e. La and Ac elements, as their orbital confi-
gurations are [Xe] 6s” 4f'* 5d' and [Rn] 7s® 5f'* 6d' re-
spectively. Hence these two elements should have been
the first d-block elements — which is not the case. This is
mainly because of the exchange of orbitals due to lower
energy gap between f and d orbitals. Therefore, the posi-
tion of La and Ac right below Sc, Y in the same group in
case of the earlier periodic table is now not seen. Rather
Lu and Lr have occupied their places. Consider two other
examples, Nd and U which belong to the same f-group,
having the orbital configurations [Xe] 4f' 6s® and [Rn]
5f 6d' 7s® respectively. This indicates that Nd is the
fourth lanthanide element and U is the third actinide ele-
ment, which does not support them to be in the same
f-group elements. In the present periodic table, the ele-
ments are mainly arranged on the basis of their atomic
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Figure 3. The newly designed periodic table.
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Figure 4. Periodic table in the triangular form.

number and the way the orbitals are filled as shown in
Figures 1 and 2. Similar anomalies may also exist in case
of future g-block elements as the energy gap between g
and f orbitals would still be lower compared to that
between f and d orbitals. However, for a better under-
standing of the periodic table, it has been designed in the
manner as shown in Figure 3.

It is seen from this new table that after two rows a new
column has appeared and this pattern continues. The
same is also envisaged from the orbital patterns shown in
Figures 1 and 2. The g-block elements will be expected to
be further inner block elements compared to the f-block
elements. The orbitals of g-block elements would be
buried inside the already buried f-orbitals. This table
shows that d orbitals are buried within s and p orbitals
from 4th to 5th row, f orbitals are buried within s and d
orbitals from 6th to 7th row. Hence, it is expected that g
orbitals would be buried within s and f orbitals from 8th
to 9th row. This pattern might be hypothetically contin-
ued till infinity. It is also understood that the s orbitals
form the outermost layer, p orbitals are below s orbitals,
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d orbitals are below p orbitals and so on. However, the
new periodic table contains all the existing elements and
can accommodate future elements without putting them
in separate rows unlike the present periodic table.

The newly designed periodic table can also be written
in a triangular form as shown in Figure 4. Figure 4 shows
that there is a space between s- and p-blocks for every
alternate rows, for e.g., it is seen in the rows — 1, 3, 5, 7.
Apart from this, an additional column starts in every
alternate rows, for e.g., in rows — 4, 6, 8. This looks like
an expanding periodic table which starts from first row
containing only two elements H and He. This resembles
the constituents of Sun which are responsible for the gen-
eration of all other elements in the solar system. Several
other forms of periodic table have been reported earlier*”
However, the concept behind the triangular form of peri-
odic table here is different from that reported earlier by
Zmaczynski’.

It is observed that the total number of shells would be
8 if the g-block elements are actually discovered in
future. The last shell would be R shell, which will contain
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the orbitals 8s 5g 6f 7d 8p. This means, the orbitals (g
orbitals) from the 5th shell, i.e. O shell will contribute in
this shell, and are called as sub-innermost orbitals; orbit-
als (f orbitals) from 6th shell, i.e. P shell will also contri-
bute, called as innermost orbitals and the other
contributing orbitals (d orbitals) from 7th shell, i.e. Q
shell, are called as inner orbitals. This type of new form
of periodic table (i.e. Figures 3 and 4) can be extended
easily to incorporate many more new elements of future
years. However, at present it is difficult to predict such
new elements, nevertheless perhaps future generations
could discover them and which might have certain role to
play in their life.

Conclusion

The newly designed periodic table presented in this
article is aimed to make it easily understandable and to
contain the basic principles of atomic orbital structure
without any additional/separate rows/columns. It is

certainly expanded compared to the existing periodic
table. The concept of different block elements with
respect to their orbital structure is clear in this newly
designed periodic table.

1. http://en.wikipedia.org/wiki/Extended_periodic_table#cite_ref-1

2. Fricke, B., Greiner, W. and Waber, J. T., The continuation of the
periodic table up to Z = 172. The chemistry of superheavy elements.
Theor. Chim. Acta, 1971, 21, 235-260.

3. http://www.uky.edu/~holler/index.html

4. http://en.wikipedia.org/wiki/Alternative_periodic_tables, http:/www.
meta-synthesis.com/webbook/35_pt/pt_database.php?Button=All,
http://chemistrybyscott.org/periodic_table formulations.htm

5. Possidento, W., Triangular table: chemistry puzzle and teaching
device. US Patent, US 2002/0072046A1, 13 June 2002.

6. Zmaczynski, E.; http://dwb.unl.edu/Teacher/NSF/C04/C04Links/
chemlab.pc.maricopa.edu/periodic/triangletable.html

Received 19 September 2016; revised accepted 3 August 2018

doi: 10.18520/cs/v115/i19/1644-1647

CURRENT SCIENCE, VOL. 115, NO. 9, 10 NOVEMBER 2018

1647




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


