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Abstract : Knoop microhardness studies were carried out on the (001) cleavage surfaces
of benzoic acid single crystals The hardness vanation with orientation showed the existence of a
peak on going from the [010] direcuon to the [100] direction This behaviour confirms the
symmetry of the plane and is not similar to that of anthracenc and phenanthrene
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Introduction

An important strength property of single crystals is their microhardness. Knoop
qucrohardness anisotropy has been observed in aragonite, calcite, dolamite and magnesite
1.2]. Microhardness anisotropy in cubic crystals with different point groups has been
sudied [3]. Molecular structure and indentation hardness relationship have been reported in
10rgan|c solids [4]. Vicker’s microhardness behaviour with load has been reported by
vrous workers in organic molecular solids 15-91. Knoop hardness behaviour with load in
fenzoic acid single crystals has been recently reported [10].

' Experimental techniques and results
I Crystal growth :

Islnglc crystals of benzoic acid were grown from the melt by the Bridgman method. The
ling material was column chromatographed, twice vacuum sublimed and zone refined.
he material was transferred to the crystal growth tubes without exposure to the atmosphere

I‘l.' The crystals were cleaved in the usual manner using a sharp blade. Smooth (001)
kavages were sclccted after optical examination. The crystals were indented on a Carl
kiss NU 2 Universal Research Microscope.
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Plate 1. As-grown single crystal of benzoic acid

2.2. Microhardness :

The indents were made with a Knoop indenter. The load used was 2.5 gm. A number of
indents were made at this load. The long diagonal length was used in calculating the Knoop\
hardness number (H,) using the formula :

H,= 142288 x P/d? . (h

where P is the applied load 1n gm and d, the mean diagonal length in microns. The
indentation time of 10s was kept constant as this time was adequate Lo minimize the
vibration effects on the results. The crystal sizc was much larger than the indentation size,
thus eliminaung the boundary cffects on the results. The distance between the indents was
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Figure 1. Hardness vanation with onentation
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five times the size of the largest indentation mark. The crystal thickness was relatively large
such that the indenter did not sense the lower surface [12]. A number of crystals were
indented.

Figure | shows the variation of the Knoop hardness with orientation for the crystals
of benzoic acid. It is observed that the hardness is minimum when the long diagonal of the
Knoop indenter is parallel to the [010] direction and the [100] direction with a peak
occurring around 50°.

3. Discussion and conclusions

Benzoic acid crystallizes in the monoclinic structure. The lattice parameters are
a=5440 A, b = 5180 A and ¢ = 20.800 A with B = 97.5°. This compound has the
structural formula (C¢gHsCOOH) with 4 molecules per unit cell. They have the space
group P2, and cleaves along the (001) plane [13].

The hardness depends on the plastic and elastic properties of the crystals. For
anisotropic materials, the properties vary with crystallographic oricntations. In the case of
Knoop indentations, the elastic recovery takes place along the short diagonal only and the
fong diagonal does not change when the load is removed. When a loaded indenter
penetrates a solid, the depth of penetration increases until the condition of the lattice
immediately below the indenter, has the same characteristics as that of the specimen n
which the saturation value of the compressive strain has been attained. The strain becomes
progressively smaller with increasing distance from the centre of the material to a distance
cyual to the length of the long diagonal.

The microhardness properties are related to the crystal structure of the material or
the way the atoms or molecules arc packed together.

Indenting the (001) cleavage plane with the long axis of the Knoop indenter parallel
o the |010) direction and rotating the long diagonal of the Knoop indenter, the
microhardness values of benzoic acid single crystals increases till the long diagonal of the
indentation mark is at about 50° to the [010] direction and then drops till the [ 100] direction
1s parallel to the long diagonal of the Knoop indenter.

The crystallizing unit in the case of benzoic acid is a dimer which consists of a pair
of molecules held together by hydrogen bonds. The space group of this solid is P2,, and
contains four molecules per unit cell. If a complete rotation is done by measuring the
Knoop hardness with orientation, then one should observe four peaks for the (001) planes
which is observed in the present case confirming the symmetry of the plane.

Anthracene shows a maximum hardness value in the [010} direction and
phenanthrene a minimum hardness value in this direction and opposite in the [100]
direction. Both these solids have the same space group (P2;,,) and crystal structure
(monoclinic) and this type of behaviour has been explained in terms of the way the
molecules are oriented and disposed in the unit cell [14].
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The different behaviour of benzoic acid though it has the same crystal structyye

(monoclinic), is due to its differcnt space group (P2,;,) and to the dimer packed in the uny(

cell.

References

(
2l
b
(4]
(51
[6)
(7
(8]
91
(]
(1
(12]
(13
(14

Y H Han, Hong L1, TY Wong and R C Bradt / Am. Cerum. Soc. 74 3129 (1991)
T Y Wong and R C Bradt Marer. Chem Phys. (Switzerland) 30 261 (1992)

T Thirmal Rao, K Knshna Rao and D B Sirdeshmukh Cryst. Res. Technol. 26 K189 (1991)
R J Roberts and R C Rowe J Mater. Sci. 29 2289 (1994)

M J Joshi and B S Shah Cryst. Res. Technol 19 1107 (1984)

R K Marwaha and B S Shah Cryst. Res. Technol. 23 K63 (1988)

R K Marwaha and B S Shah Cryst. Res. Technol. 26 491 (1991)

R K Marwaha and B S Shah Cryst Res. Technol. 27 1097 (1992)

PJ Halfpenny, K J Roberts and J N Sherwood J Mater. Sci. 19 1629 (1984)
Nimisha Vaidya, B § Shah and D R Joshi Ind J Phys 70A 641 (1996)

J N Sherwood Fractional Crysiallization Vol 2 ed Zief p175 (1969)

B W Mot Micro-indentanon Hardness Testing (London : Butterworths) (1956)
R W G Wyckoff Crystal Structures (New York - Interscience) (1951)

Nimisha Vaidya, M J Joshi, B S Shah and D R Joshi (Communicated) (1996)



