
Bonding and Electronegativity:
Van Arkel Triangles

Number  172

1

ChemFactsheet
www.curriculum-press.co.uk

Van Arkel triangles are used to show different compounds in varying degrees of ionic, metallic and covalent bonding. The triangle shows
that ionic, metallic and covalent bonds are not just particular bonds of a specific type. Rather, bond types are interconnected and different
compounds have varying degrees of different bonding character (for example, covalent bonds with significant ionic character are called
polar covalent bonds).

The aim of the van Arkel triangle is to allow the three principal models of chemical bonding to be seen as part of a single scheme in which
they are all related. It gives a quantitative appreciation of intermediate bonding and also demonstrates that intermediate bonding is not
limited to polar-covalent /polarised ionic. Furthermore, it is based on the already-familiar topic of electronegativity.

Bonding Theories

The first of the idealised bonding theories to be developed was ionic bonding, inspired by Faraday’s laws of electrolysis. Following a lot
of important work in the first three decades of the twentieth century the Dutch chemists van Arkel and de Boer published a description of
ionic bonding in 1929.

The theory of covalent bonding began its development later, in the first decade of the twentieth century, but the work came to fruition
sooner with the publication of the seminal paper on covalent bonding by Lewis in 1916. He was also the first to recognise metallic bonding
as a separate model to sit alongside the ionic and covalent models in a paper published in 1913.

Once the electronegativity scale was introduced by Pauling, the van Arkel triangle was first published in 1941. Van Arkel’s triangle only
considered intermediate bonding along the edges. In 1947 his colleague Ketelaar went on to consider compounds placed in the body of the
triangle.

The van Arkel triangle only applies to binary compounds and elements whose atoms can bond together. It consists of a plot of the
difference of the electronegativity values of the two elements in the compound (y axis) against the average of the electronegativity values
(x axis). The electronegativity values are used without any regard for the stoichiometry (formula)of the binary compound.

Therefore, at the left hand extreme of the x axis (which corresponds to total delocalisation of the electrons), is the least electronegative
element, caesium, whilst the most electronegative element, fluorine, is at the right hand extreme. At this covalent extreme the valence
electrons are completely localised and evenly shared within the F-F bond.

In the van Arkel triangle the y axis therefore describes the extent to which the bonding electrons are unevenly shared between the two
bonding atoms. At the bottom of the triangle, where y = 0, which is where the elements are found, there is no uneven electron distribution
across the bond. At the top of the triangle, where there is the greatest asymmetry of the electron distribution in the bond, there is the
extreme of ionic bonding. The compound at this apex is therefore caesium fluoride, which has the greatest difference in the electronegativity
values between its component elements.

When plotting the point corresponding to any compound, one plots the intersection of two lines – each starting with a constituent
element, positioned on the x axis in accordance with its electronegativity. The line from the left-hand element is drawn parallel to the left-
hand edge of the triangle and the line from the right-hand element parallel to the right-hand edge. It follows then that all the compounds
of an element lie on one of two lines, running parallel with the edges of the triangle, that intersect at the element on the x axis. On the left
hand branch there are the compounds of which the element in question is the more electronegative while. on the right-hand branch, the
element is the less electronegative of the pair.



Chem Factsheet

2

172. Bonding and Electronegativity: Van Arkel Triangles

On the example triangle below the positions of caesium, fluorine and caesium fluoride have been marked together with example lines giving
the positions of the binary compounds magnesium chloride and magnesium iodide.
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The chief conclusion to be drawn from the plots in the example above is that MgI
2
, being lower down in the body of the triangle, will have

greater covalent character than the more truly ionic MgCl
2
, although the fact that MgCl

2
 is well below the apex of the triangle suggests that

its bonding has some covalent character as well.

The simplest application of the van Arkel triangle is to anticipate – based on electronegativity values – the nature of the bonding in an
unfamiliar compound. This is straightforward in cases where a plot places a compound near to one of the bonding extremes. However, in
more borderline cases, the assignment of bonding type is less straightforward. The main point about the van Arkel triangle is that it
provides a clear picture of the fact that bonding is not black and white, but rather a continuous scale between idealised extremes.

One important point about the van Arkel triangle is that its reflection of bonding does not provide reliable information about structure. This
is because structure depends on other factors besides electronegativity values. A similar problem is apparent with elements such as
carbon, tin and phosphorus, which have allotropes of very different structures, yet of course the allotropes of an element will all have the
same electronegativity value. A further shortcoming of the triangle is observed when multiple oxidation states are possible in a binary
compound, for example the chlorides of lead. In this case lead(IV) chloride has appreciable covalent character but lead(II) chloride is
essentially ionic – and this difference is not predicted by use of the van Arkel triangle.

The van Arkel triangle has the principal purposes of illuminating the idea of intermediate bonding, and being able to see the connection
between ionic, covalent and metallic bonding.
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Sample questions about the van Arkel triangle.
The type of bonding between two elements can be predicted using
a van Arkel triangle. The triangle is based on electronegativity values.
(a) What is meant by the term electronegativity? [2]

(b) State and explain the trend in electronegativity
(i) across a period from left to right, [2]
(ii) down a group. [2]

(c) Considering only elements in period 2 (Li to Ne), write down
(i) the formula of the compound that has the greatest ionic

character, [1]
(ii) the formula of a simple molecule that has pure covalent

bonding [1]
(iii) the element that has the greatest metallic character. [1]

(d) Use the electronegativity values quoted to plot each of the
following compounds on the template below. Label your points
with the formulae.
(i)   titanium boride, TiB2
(ii)  silicon carbide, SiC
(iii) gallium antimonide, GaSb [2]

Element Electronegativity
B 2.05
C 2.54
Si 1.92
Ti 1.38
Sb 1.98
Ga 1.76

(e) What is the type of bonding present at each of these bonding
extremes, labelled A, B and C on the triangle? [1]

(f) The electrical properties of the materials in part (d) are all very
different. Suggest which of the compounds in part (d) would be
expected to be
(i) a good conductor, [1]
(ii) a semiconductor, [1]
(iii) an insulator.  [1]

[Total: 15]
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Answers
(a) must include reference to bonding electrons and their attraction to the nucleus  e.g. the ability of an atom to attract (1)

bonding electrons (1)  [2]

(b) (i) increases (1) with increasing nuclear charge  but same shielding (1) [2]
(ii) decreases (1) as electrons further from the nucleus / more shielding from the nucleus (1) [2]

(c) (i) LiF [1]
      (ii) F

2
, O

2
 or N

2
[1]

(iii) Li [1]

(d)  2 marks for all points correctly plotted
1 mark for two points correctly plotted [2]

(e)  A metallic B covalent C ionic [1]

(f) (i) TiB
2
 not TiB [1]

(ii) GaSb [1]
(iii) SiC [1]

Acknowledgements: This Factsheet was researched and written by Tony Tooth. Curriculum Press, Bank House, 105 King Street, Wellington, Shropshire, TF1
1NU. ChemistryFactsheets may be copied free of charge by teaching staff or students, provided that their school is a registered subscriber. No part of these
Factsheets may be reproduced, stored in a retrieval system, or transmitted, in any other form or by any other means, without the prior permission of the
publisher. ISSN 1351-5136

GaSb



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


