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4.1 INTRODUCTION:

There are two ways of studying quantitatively 
microhardness of crystalline materials.
i) Variation of applied load (P) with diagonal of 
indentation mark (d).
ii) Variation of hardness (H) with applied load. The 
emperical formulae for (i) are usually referred to as 
Kick's law (1885) /!/ for pyramidal indenters and Meyer's
law (1956) /2/ for spherical indenter. Later on Kick's
law was modified by Hays and Kendal (1973) /3/. For 
pyramidal indenter Kick's law between P and d states

p = adn ....................(1)

where 'a' and 'n' are constants of the materia) under test, 
'a' is usually known as standard hardness. When spherical 
indenter was used, the above law is referred to as Meyer's 
law. The hardness number (H) of a material is given by

Hj_ = rp/d2 ..............  (2)
I

where the constant 'r' depends on the geometry of the 
identer. For vickers (v) and knoop (k) hardness indenters 
the subscript *i' is replaced by 'v' and 'k'.
The combination of the above equations yields

= a;Ldn"2 ................... (3)

Hi = a2 p n_2/n .................. (4)
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where = ra ....................... (5)

and = r2^n .....................  {6}.

It has been shown that in the case of vickers 
(Kick's (1885) /l/)the value of the exponent 'n' 
for all indenters that give geometrically
impressions. Substitution of the value in (5) and (6!

H = a^ = ra
H = a£ = ra

The above equations show that hardness or 
number is constant and independent of applied loads, 
follows hardness, microindentation hardness or 
number have identical meanings.

For n = 2, (1) and (2) become
p = ad2

Hi= r P/d2

and = ra

Theoretically the study of (1) and (2) for 
should give similar results. However, there are 
basic differences in these two approaches and hence 
studied and discussed separately in the present 
large number of workers have studied the variation
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with 'd' and also of * H * with ' P1. The reported results 
are quite confusing.

Haneman and Schultz (1941) /4/ from their observations 
on variations of * P * with ’ d' reported that in the low 
load region,'n' generally has a value less than 2. Onitsch 
(1947) /5/ found such low values of n(l to 2) by observing 
variation of hardness with load while Grodzinski (1952) /6/ 
found variation of 'n' values from 1.3 to 4.9. Knoop 
(1947) /7/ and Bernhardt (1941) /8/ observed ' an increase 
in hardness with decrease in load whereas Camphell et 
al.(1948) /9/ and Mott (1956) /10/ observed a decrease in 
hardness with decrease in load. Some researchers e.g. 
Taylor (1948) /11/, Bergsman (1948) /12/ reported no
significant change of hardness with load. In view of these 
different observations, it has become rather difficult to 
establish any definite relationship of general validity 
between P and d or H and P. The standard hardness values 
according to (1) should be constant. However the actual 
values obtained by different workers revealed disparities 
amounting to 30 to 50% . Further the hardness values 
obtained in different load regions show scattered 
results even though the apparatus had a good mechanical 
precession.

In view of the conflicting results it is decided to 
critically reexamine Kick's law by experimentally studying 
variations of 'P' with ’d' by using Knoop indenter. It is 
an extension of the work reported by earlier workers on 
different crystals /13—17/.
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Knoop and his associates originally developed the 
four sided pyramidal indenter for determining the hardness 
of semibrittle materials (1939) /18/. It was the unique 
geometry that offered several advantages over the 
conventional and symmetric indenters such as vickers 
indenter. For this reason, the knoop hardness testing 
method has been extensively used in different applications 
since its development in 1939 /19-23/. One of the features 
is that, because of its slow shallow depth of penetration, 
brittle materials like glass or minerals could be indented 
without causing premature fracture. Another feature is that, 
due to the non-symmetric indenter shape, the variations in 
load/hardness along different directions on a given surface 
can be determined . This was extensively used by Joshi 
(1989) /24/ on -NaNo^ and CaCo^ cleavages and Annie Kuruvila 
(1992) /25/ on d-AHT single crystals in this laboratory. It 
was also used by the author to study the hardness of NaCl, 
KC1 and KBr single crystals.

The geometry of the indenter is shown in Fig.4.1 where 
the included conical angles extending along the major and 
minor axes of the indenter are 172°30' and 130° 
respectively. The resulting impression on the surface of the 
test sample is also shown in Fig. 4.1, where the major 
diagonal 'L' is known to be about seven times longer than the 
minor diagonal, W. It is also generally assumed that there 
is negligible elastic recovery in the major diagonal 
direction compared to the minor diagonal direction when the 
indenter is* removed (1951) /26/. In addition to the 
problems associated with elastic recovery, the material 
near the indenter surface is known to pile up or sink in, 
depending on the interfacial frictional conditions and the
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material properties, such as the strain - hardening capacity 
(1982) /2 7/. This phenomenon also tends to change the
mode of deformation near the indenter surface.

4.2 EXPERIMENTAL :

Single crystals of NaCl , KC1 and KBr grown from
melt by Kyropoulos method described in chapter-II were 
used in the present investigation. Every time freshly 
cleaved samples of approximately equal sizes were used so 
that a comparison of treated and untreated samples can be 
easily made without introducing other factors affecting 
the determination of 'a' and 'n'. Freshly cleaved blocks 
having dimensions 10 x 6 x 3 mm were fixed on glass
plates with non-reacting adhesive. The levelling of the 
specimen was tested by using a table microscope. The 
hardness tester described in chapter-II was used to produce 
indentation on the specimens by using rhomb-based knoop 
pyramidal indenter. The filar micrometer eyepiece was used 
to measure the surface dimensions of the indentation 
mark. In order to avoid the influence of one indentation 
mark on the other, the distance between two consecutive 
indentations was maintained atleast four times the
diagonal length of the indentation mark, the indentation 
time for all specimens was kept 15 seconds. The load 
was varied from 1.25 gm to 160 gm. Care was taken to 
see that errors introduced during the work of indentation 
and measurements were avoided or minimized. The indentation 
marks were produced for different orientations of the 
longer diagonal of the knoop indenter with respect to 
direction [100] on the specimen. These orientations were 
designated by angle 'A' between the reference direction
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[100] and the longer diagonal of knoop indentation 
mark. The direction angles in degrees for which 
measurements were made are as under :

For all the three crystals,

A = 0, 10, 20, 30, 40, 50, 60, 70, 80, 90.

Due to non-availability of a hot stage and optical 
components of microscope to be used with it in 
hardness tester, the indentation work was carried out 
at room temperature (i.e. at 303°K for all the three 
crystals) for studying the variations of hardness with 
temperature. For their thermal treatment crystals of 
approximately equal sizes were kept in a muffle furnace 
and the temperature was gradually raised to a desired 
temperature and kept at this temperature for identical 
periods running into several hours (24 hr' in the 
present work). They were then quenched to room 
temperature. The quenching rates were as high as 
possible and were adjusted so that the quenched 
crystals maintained their shapes. In the present case 
the rate of quenching varied from 1.6° c/sec to 
11.6° c/sec. These experiments were conducted upto a 
temperature of 600°C for all the three crystal 
samples.

4.3 OBSERVATIONS:

The longer diagonals of the knoop indentation 
marks produced by various loads for different 
orientations of indenter were measured.. It is assumed



fithat there is negligible elastic recovery ?tin *1 

diagonal directions compared to the minor ^3d®«|g^al
direction when the indenter is removed \\( 1951'
Several sets consisting of a large
observations on freshly cleaved surfaces of thermally 
treated and/or untreated NaCl , KC1 and KBr crystals
indented by various loads at room temperature for 
different orientations of indenter were taken and the 
observations are recorded in table 4.1 A, 4.1 B, and 
4.1 C. All the observations were studied graphically
by plotting log d versus log p (Fig. 4.1 a,b,c) for
different A's.

4.4 RESULTS AND DISCUSSION {

4.4.1 Straight line plot of log d Vs. log P :

Taking logarithms on both sides of the
equation representing Kick's Law for pyramidal indenter 
yields :

log p = log a + n log d ..... (7)

The values of constants 'a' and * n' can thus 
be determined from a graph of log d Vs. log p. Since the 
relation between log p and log d is linear, the graph 
is a straight line, the slope of this line gives the 
value of 'n' and the intercept on log p axis gives 
the value of log a and hence 'a'.

A careful study of the graphs (log d Vs. log p) 
shows that there are two clearly recognizable straight
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lines for all the three crystals having different
slopes meeting at a kink. These loads will hence 
forth be referred as the transition loads P^. The
first part of the straight 1ine corresponding to
observations taken at low loads up to the room
temperature has slope 'n^' of higher value whereas for 
the second part of the straight line for higher loads, 
the slope (n2) has value less than 2. Since the 'n' 
values are different in different regions of the 
graph of log d Vs. log p, being greater in the first 
region, the 'a' values also vary in two regions
being less in the first region of low 1oads(LLR)and 
more in the high load region (HLR). For Knoop 
indentation on cleavage faces of NaCl , KC1 and KBr; the 
values of 'n' and 'a' are recorded in Table 4.3 (A),
4.3(B) and 4.3(C). As mentioned above several workers
have reported visible scattering in 'n' values, e.g.
Hanemann and Schultz (1941) /4/, Onitsch (1947) /5/,
Grodzinski (1952) / 6/. However, none has reported the
splitting of graphs into two straight lines and their
characteristics. The study of the variation of load with 
diagonal length of vickers indentation mark on faces of 
different types (c, m, d and o faces) of natural and
synthetic barite crystals (1971) /2 7/ has shown very
clearly the existance of two distinctly recognizable
straight lines of the graph of 1 og d Vs. log p. Later, 
Mehta (1972) /28/, Shah (1976) /13/, Acharya (1978) /14/,
Patel (1987) /17/ and Joshi (1989) /24/ verified the
splitting of the graph of log d Vs. log p on CaCo^,
Zn, TGs, d-AHT crystals. In the present investigation 
the author has verified for NaCl , KC1 and KBr, the
splitting of the graph 'into two straight lines using
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Knoop Pyramidal indenter. The splitting varies with
orientation of the indenter with respect to the crystal 
lattice. It is thus certain that the splitting of the 
graph into two straight lines is natural and is due 
to the varied reactions of the crystal surfaces to
different loads used for producing indentations.

The tables 4.3 A, 4.3 B and 4.3 C records the 
values of ,a^, n^, n2’ n2mod5 ^2 anc* w2 for
cleavage faces of NaCl, KC1 and KBr single crystals at 
room temperature and at different quenching temperatures
and for different orientations of indenter with respect 
to direction [100]. The straight line in the LLR is
characterised by slope n^ and intercept a^ whereas the
slope and intercept for straight line corresponding to 
HLR region of applied loads are n2 and a2
respectively. Further the plots (Fig. 4.2 a, b & c and
Fig. 4.3 a, b & c) according to modified kicks law is
also a straight line with slopes and intercepts and
newtonian resistance pressures n2mod’ ^2 an<^ w2
respectively. It should be noted that although in the 
table, the values of the above are given upto four 
decimal places, the accuracy obtained in the present work 
is upto two decimal places and is the one which is 
considered for the present analysis in this and
subsequent chapters. A careful study of the table reveals 
for the cleavage faces of these crystals the
following
1) with increase in orientation from 0 to 90°, the
values of n^ are decreasing and have minimum values at 
about 45° orientation and are then increasing at room
temperature and at all quenching temperatures. The
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variation in values does not appear to be smooth. The
values of the intercept al increase with orientation
and attain a maximum val ue at about 45° orientation
and then fall at room temperature and at al1 quenching
temperatures.

ii) For ' the straight 1 ine in HLR, the decrease in
values is comparatively less than those observed for
values. However n2 becomes minimum at about 45‘

orientation at all quenching temperatures and at room 
temperature. Further the values of intercept a2 

indicate rapid increase compared to the corresponding 
increase in a± values in LLR. a., has a maximum 
value at about 45° orientation and falls at room 
temperature and at all quenching temperatures. It is thus 
clear from the above that n^ and n2 decrease with 
increase in orientation and have minimum value at about
45° orientation whereas the converse is true for a^ and 
a2 values and this behaviour is independent of the 
temperature i.eindependent of the thermal treatment of 
the crystals. The direction corresponding to 45°
orientation on cleavage faces of NaCl, KC1 and KBr
is [111] which is one of the important crystallographic 
directions for these crystals.

Application of modified Kick's law to these 
crystals has clearly indicated that it is valid in the HLR 
region of applied loads. In this region the plots of
log(P-W) vs. log d arc straight lines and intercept

Newtonian resistance pressure Wr and hence the
modified value of slope n2mod are obtained in the usual
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almost constant, andway. The n2mod values are 
equal to 2,thereby verifying modified Kick's law in HLR.
The intercept values (b2) are decreasing and the values 
of Njewtonian resistance pressure (W2) are increasing with 
increase of orientation, Aj at all quenching temperatures
and room temperature. Further 
value (maximum and minimum)

b2 and ^2 ^as an extremum 
at about 45° orientation.

It is thus clear from the above analysis that the 
direction [111] corresponding to 45° orientation on 
cleavage faces of these crystals occupies an important
position in the study of Kick's law and modified Kick's 
law. Further the analysis in HLR is more simple than in 
LLR.

4.4.2 Interpretation of Constants n^, a^, n^, a2, b2,
w2, eQ, e^ and e2

Analysis based on Kicks law and modified Kicks law

Instead of giving weightages to individual
observations in an experimental work, it is desirable to 
study graphically the variations in observations. This 
gives an indication of the average behaviour of a quantity 
with respect to a change in another quantity, keeping all 
other parameters in an experiment to have constant
values. Hence the plots of (i) n^ vs. A(Fig. 4.4a,b&c)
(ii) a^ vs. A(Fig. 4.5 a, b & c) (iii) n2 vs. A 
(Fig. 4.6 a, b & c) (iv) &2 vs. A (Fig. 4.7 a, b & c)
(v) b2 vs. A (Fig. 4.8 a, b & c) and (vi) w2 vs. A
(Fig. 4.9 a, b & c) for all quenching temperatures and
room temperature are prepared for all these crystal



56

cleavages. In these plots it is necessary to avoid
crowding of the curvelinear plots (Fig. 4.4 a, b & c to 
Fig. 4.9 a, b & c). The scale along the vertical axis is 
uniformly increased by one unit containing small ten
square blocks, whereas the scale along the horizontal 
axis remains unchanged for all plots. e.g. consider 
Fig. 4.4a describing for NaCl crystal cleavages, plots
of n^ vs. A for different quenching temperatures and 
room temperature. The actual scales for different plots 
are shown in the Fig. 4.4. The above scheme of
representing points along vertical axis is carried out
for all plots (Fig. 4.4 a, b & c to Fig. 4.9 a, b & c).

The conclusions which are mentioned above by
studying from the" tables general trend for the
variations of n^, a^, n2, a2, b2 and w2 with A are
amply supported by these plots. Thus, for all these
crystals and for all quenching temperatures and room 
temperature, the conclusions from the above plots are as 
follows
(1) n^ and n2 vary with A and attain minimum values at
about 45°. In some of the cases the minimum is sharp
whereas for others it is broad. Further n^ and n2 for
NaCl are- noticeably more affected than those for KC1
and KBr.
(2) a^ and a2 increase with A, attain maximum values 
and then decrease.
(3) b2 decreases with A, falls to a minimum value and 
then increases.
(4) The values of w2 increase with A, become maximum at 
A = 45° and then fall.
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(5) Spacings between consecutive minima or maxima for 
different crystals in the above plots (Fig. 4.4a, b & c 
to Fig. 4.9a, b & c) are different. Even for the same 
crystal the spacing is not constant but varies in 
an unpredictable manner.

The above analysis based on the phenomenology 
of cleavage faces of NaCl , KC1 and KBr has clearly 
indicated that for studying variation of load with
diagonal length of the knoop indentation mark, the
direction [110] is important and should be considered 
as a reference direction instead of direction [100]
taken in the above discussion. On the basis of this 
consideration it is desirable to discuss the relative
variations of nl5 al5 n23 a23 ^2 and w. with and
with temperature. i.e., considering the values of n„
al3 n23 a2, b2 and W2 to be standard andfor A = 45‘
labelling them as n^Q, a103 n203 a203 ^20 an<^ W2Q ^or 
all quenching temperatures and room temperature. Hence 
(ni/^10)3 (ai/a1Q),(n2/n2Q), (a2/a20), (b2/b20) and
(W2/W2Q) (where n^, a^, n2, &2, b2 and w2 correspond
with the orientation A, Table-4.4) are plotted versus
A for different temperatures and also versus Tq for
different orientations. The study of the first series 
of plots for NaCl cleavage face (100) namely
(i) n-j/n-^0 Vs. A (Fig. 4.10), (ii) a-±/aiQ Vs, A (Fig. 
4.11), (iii) n2/n2Q Vs. A (Fig. 4.12), (iv) a2/a2Q Vs. A
(Fig. 4.13), (v) ^2^20 Vs. A (Fig. 4.14) and
(vi) w2/w20 Vs- A (Fig. 4.15) for different temperatures 
clearly indicates that the direction [110] should be 
considered as a reference direction and not theas a
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direction [100]. This conclusion is supported by the
above mentioned corresponding plots (i) to (vi) for
cleavage faces of KC1 and KBr. These plots are not
shown for the reason that they exhibit more or less
the same curve]inear form.

The second series of graphs, namely (i) n^ /n10
Vs. O'

H (ii) a^/ a10 Vs< Tq, (ml n2^n20 Vs. TQ’
(iv) a 2/ a2Q ^s* tq> (v) b2/b20 Vs. Tq and (vi) w2/w20 Vs.
tq for different orientations have shown unusual behaviour
e.g. the variations of nl/n10 [Fig- 4.16) and
02/0

20 (Fig. 4.17) with Tq for different A's are
1 inear. Since the linear behaviour is almost the same
for all crystals, only representative plots for one
crystal say, NaCl are shown. This also suggests that
the direction [110] should be chosen as reference 
direction. The variations for the remaining quantities 
are complicated. ,

~ It is observed that logarithmic plots yield
linear proportionality. The tables 4.5A,B,C; 4.6A,B,C and 
4.7A,B,C; present values for log Tq, log a2 Tq, log
b2 Tq and log Tq for different orientations on cleavage 
faces of NaCl , KC1 and KBr "crystals. It is found that 
for these crystals the plots of (i) log a^ Tq Vs. log Tq
(Fig. 4.18a, b, c), (ii) log a2 Tq Vs. log TQ(Fig. 4.19a,b, 
c) and (iii) log b2 Tq Vs. log Tq (Fig. 4.20a, b, c) consist
of a series of almost parallel straight lines with 
almost equal slopes and different intercepts 
corresponding to different orientations. The plots
follow general equation
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log g Tq = m log Tq + log Cr ......... (8)

where the variable * g * may be a^, aor t>2 and the 
straight line has slope ' m' and intercept * C * where 
' r* denotes a given orientation. Different values of 
'r' gives a series of parallel lines. Simplification 
of the above yields,

g TQ1_m = Cr ................(9)

Replacement of g by ^ &2 snd
above yields three equations,

1-m.
al tq " Crl ............. (10)

1 ” FI! r\
a2 TQ " Cr2 ............. (11)

1-nub2 TQ 3 Cr3 ............ (12)

the

the slopes and C 
a., a„ or b

rl»
is

andJr2 
zero. A

where m^, and are
Cr2 are the intercepts when ^ ^
careful study of each plot indicates the lines are 
slightly inclined leading to slightly differing values 
of slopes and intercepts for different orientations.
The small change in slopes are around unity.

•Further,
(1) For plots of log a^ Tq Vs. 1 og Tq , (1 - m^)
values are positive and less than unity for NaCl and
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are negative for KCl and KBr [Table - 4.8 ]. All values 
are numerically less than unity.
(2) For plots of log Tq Vs. log Tq and log b2 Tq 
Vs. log Tq the values of (1 - m2) and (1 - m^) are negative 
and less than one for all three crystals [Tables - 
4.9 and 4.10].

a^, a2 and b2 are constants of cleavage faces 
of . single crystals of NaCl, KCl and KBr. Further the
analysis in LLR of these crystals, i.e. a^ values^, show 
that (1 - m^) values for NaCl are positive and for
KCl and KBr are negative whereas a2 and b2 values
corresponding to HLR, show that (l-n^) and (l-m^) values are 
negative for all crystal cleavages. These crystals
have identical structures viz. f.c.c. Hence the general 
trend for purely load - dependent mechanical response 
should have a common feature for all 'As' and all
temperatures namely, values of (1 - m^), (1 - m2) or
(1 - m2) for all the crystals should have the same
sign. It is hard to explain the positive values of 
(1 - m^) for NaCl. This suggests that there are several 
additional factors such as various types of 
imperfections and their interactions among themselves 
and also with the impurities, imperfect quenching,
plasticity of these crystals etc. which must be 
dominating over the purely load-dependant mechanical
response. The present analysis based on the physics 
of static indentation can not exp]ain the positive
values of (1 - m^) for NaCl. In the HLR, the
negative values of the exponents (1 - m2) and (1 - m2) 
of Tq associated with a2 and b2 simply indicate



61

that as Tq Increases &2 and b£ also increase.

The relation between W2 and Tq is not as
simple as 1the one given above between a^ (or a2 or b2)
with Tq . This is expected because in the modified
kick's law w2 is postulated as Newtonian resistance
which does not allow plastic deformation.

Analysis based only on observations :

In the above analysis, attempt is made to study 
variation of applied load with diagonal length of 
indentation by using Kick's law and modified Kick's 
law for pyramidal indenter. Instead of this approach 
one can directly apply graphical analysis to study 
the variation of load with diagonal length of knoop 
indentation mark. A plot of P Vs. d is a curve (Fig. 
4.21). By using well known curve fitting method, an 
equation can be obtained. The equation

2p = e0 + e| d + e^ d ..... (13)

fits the curve extremely well. eQ, e^ and are
constants of the equation. Their values which are 
independent of the variable under consideration for different
'As' are given in Table - 4.11A, B, C. It is clear that
order values of e , e. and e9 for NaCl , KC1 and KBr
are (10"2, 10 2, 10 3) (10 2, 10 ~2, 10~4) , and (10 2,

-210 , 10 respectively. e2 values are numerically
smal 1 as compared to e and e^ values. Consideration
of these values and the above equation indicates eQ
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is a constant and its val ue is of the order of
-210 . Since it is not associated with d or d2, . it

can be neglected. Hence the equation reduces , to
2P = d + &2 d

or P/d = + e2 d ....... (14)

the plot of P/d Vs. d should therefore be a straight 
line with slope e^ and intercept e^ on the negative
side of P/d axis when P =0. The plot (Fig. 4.22) 
is shown for one crystal say, KBr. However the
values of e2 and e^ are obtained for all crystals 
and given in Table - 4.12A, B, C. There is fairly
good correlation between these values and the
corresponding values obtained from the plot of P Vs-d 
given in Table - 4.11A, B, C. The above equation can be 
written as

P/d' e^/d + (15)

Hence a plot of ?/dl Vs. l/d should lead to
a straight line with slope e^ and intercept e2*
However the graphical plot (Fig.-4.23) shows that
although a major part of the plot is a straight line 
there is a small curvellnear portion f^ f2 f^. The plot 
is shown for one crystal and one orientation say, KBr(A=0°)- 
For other crystals the plots are almost similar in form. The 
values of P and d for the points f^,f2 and ^3 determined for 
all crystals are given in Table - 4.13A, B, C. It is 
clear from the values of and f^ that they
indicate range of applied loads and corresponding
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diagonal length of indentation for which the straight 
line plot breaks down. Further f2 values of load and 
diagonal length correspond to the load and diagonal
length at kink which splits the straight line plot 
of log P Vs. log d( Fig. 4.1 a, b, c) into LLR and
HLR. This indicates that although Kick's law is an
emperical relation, it is indeed useful in carrying
out the analysis of the variation of P with d.
However it could not predict the range of applied
loads within which the orientation - dependent straight 
line is not valid. For A = 45°, the diagonal lengths 
have maximum values for all crystals. From the linear 
and non-linear character of the graph, it can be said that 
non-linear portion corresponds to the intermediate load 
region (ILR) producing deformation influenced by a number
of factors such as imperfections, impurities etc. it
attains a maximum value at f2 and then falls to a lower 
value and after that the linear character again 
results. The behaviour of crystals in this range of
applied load is highly complicated. However, one point 
has come out clearly, that there are three ranges of
applied loads viz., Low Load Region (LLR), Intermediate
Load Region (ILR) and High Load Region (HLR).
Except at the line of demarcation, these regions are 
independent so far as the behaviour of crystals are
concerned. This information could not be obtained from 
the plot of log P vs. log d. (Fig. 4.1 a, b & c) which 
consisted of two straight lines separated by the
transition load at the kink. In these, some part of
ILR is associated with LLR and the remaining with 
HLR, giving two straight lines and absence of
curvel inear region. It should be remarked here that
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mathematically the relation (14) is valid to account
for the plot of P vs. d. However the combination of
P and d (15) made to obtain mathematically a straight
line is not possible due to the influence of several
unknown factors on the non-linear region of the plot
namely fj £2 £3. The present analysis is however,
incapable to throw light on the inner mechanism of
crystal responsible for the occurance of f^ f2 £3 in an
otherwise linear plot. Further it also indicates the
relative importance of coefficients of d , d and
?d . It is obvious from the present analysis that

coefficient . e2 is more important than e^ (and also
Cq). The numerical value of is of the order of
10 ^ for KC1 and KBr and is equal to 10 ^ for NaCl .
It is useful to compare the values of a^, &2 and ' b2 
with &2 for these crystals. A surprising conclusion
emerges, viz., that e2 values are almost the same as 
those of a^, a2 and b2 for these crystals. It is
mentioned above that for Kick's law LLR can not be
considered. Hence e2 values should be compared with a.2 
and b2 values. Since ^2 and b2 values represent
constants which are referred to as standard hardness in the 
literature /3,10/, e2 values should be considered as 
constants characteristic of the material of the crystals 
and are direction - and temperature - dependant

It is also interesting to compare the
mathematical validity of equations

(i) P = ,nad
(ii) P = eg + e^d + e2d 2
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This is done by comparing the percentage variation
in the values of d calculated for all crystals
on the basis of the above two equations (Table 4.14 A, 
for KBr). It is useful to note that the percentage
deviation for (ii) are more for loads greater than 5 gm 
than those for (i). This incidently corresponds to the 
load value of f^ for all crystals, indicating that the 
behaviour of crystals is more influenced by factors which 
can not be analyzed by (ii).

4.4.3 Importance of direction

In the above studies of the load with diagonal 
length three approaches were developed : viz. (i) use of
Kick's law (ii) use of modified Kick's law and
(iii) study of plots of P vs. d without taking help 
of the above laws. The first approach has clearly shown 
that two constants are necessary to describe the mechanical 
response of surface to static indentation. In the present 
case according to Kick's law they are n^ and a^ in 
LLR and n2 and a2 in HLR for these crystals whereas 
for the modified Kick's law b2 and w2 are the contants 
to be considered. In the LLR some additional factors 
dominate over the effects of applied loads, therefore 
n^ and a^ can not be considered. However the study has 
revealed that n^ has a minimum value and a^, a
maximum value at 45° orientation at all quenching
temperatures and room temperature. This orientation 

corresponds to direction [110]. The projection of 
direction [111] on a cleavage surface (100) is [110] 
(Fig. 4.24). Further the arrangements of ions along
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this direction and direction [ill] are the arrays of 
like ions separated by a constant distance and facing 
arrays of unlike ions on all sides (Fig. 4.25). Since 
the ionic charges are identical (positive or 
negative), there is repulsion among them along these 
directions. If this is the only factor in the 
lattice, the repulsive forces will destroy it. However 
there are attractions due to the proximit of ions of 
opposite charges. Hence on the whole the lattice is 
maintained. However the value of a property along 
this direction is severely affected due to the array 
of like charges. Looking to the relation between P 
and d on the basis of Kick's law, for a constant
P, if 'n' decreases 'a' must increase so that the 
product 'a dn* has a constant value (P). However the 
physical meaning of 'a' is much different from ' n' .
In the literature 'a' is described as standard
hardness. On the basis of the current analysis the 
present author feels the use of the above phrase is 
a misnomer. It should be considered as a constant 
dependent on direction and temperature and the minimum 
value of 'n* and the maximum value of 'a' are
independent of direction and temperature.

The general conclusion of the above discussion
is applicable in the HLR. The decrease in n^ is 
accompanied by a corresponding increase in a^ whereas 
n 2 has a minimum value and a2 a maximum value at
A = 45° and at all quenching temperatures and room
temperature. This simply suggests that the extremum
values of n2 and a2 are independent of temperature 
and direction and hence . crystal structure. In the 
present analysis weightage is given to HLR region in
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view of the fact the modified Kick's law is valid 
in this region only. i.e., the exponent of d equals 
2. In the modified Kick's law the pair of important
quantities are 11>' and 'w! The meaning given by Hays 
and Kendal 1/3/ for these quantities are different. 1b' 
is considered as standard hardness and 'w' is the
Newtonian resistance responsible for elastic
deformation. However the present analysis shows that 
these quantities are dependant on temperatures and 
directions along which they are determined i.e., the 
crystal structure. Further only along direction [110], 
'b2' and 'W2' having minimum and maximum values 
respectively are independent of temperature, and
direction. In the case of rhombohedral cal cite and
sodium nitrate cleavage faces/29,30/, velocities of 
ordinary and extra ordinary light beams along [110]
direction are equal and hence the direction was 
considered as the one corresponding to homogenity and 
isotropy. In the present case the values of n2, a2, 
b2 and w^ for different orientations and different
quenching temperatures and room temperature attain 
extremum (minimum or maximum) values at A = 45°, i.e., 
along direction [110], on cleavage faces of these

crystals. Hence this direction can be considered to
be similar to homogeneous and isotropic direction.

In accordance with the above discussions the 
statements of Kick's law and modified Kick's law 
should be as follows :

Statement of Kick's Law :

crystals or in general direction for these

When a- crystal face (cleavage face or growth face 
free from major features or a synthetic polished face)
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of low indices is statically indented by a
pyramidal indenter (Vickers or Knoop) under applied 
load 'P *, a pyramidal indentation with a well defined 
geometrical shape on surface (square or rhombus) is 
obtained. The relation between the applied load 'P'
and the indentation dimension ’ d' is given by

P - adn

where 'n' and 'a' are constants of the material
under consideration and 'd' is the average length of
the diagonal in case of square. For rhombic shape
'd’ is the major diagonal length.

Statement of ' modified Kick's Law :

Hays and Kendal modified the above statement as 
under, :

The effective load which produces static 
indentation by a pyramidal indenter is (P - W) for
which the variation is proportional to the square of
the diagonal length of the indentation mark. In
symbolic form it is given by :

P - W = bd2

where b is a constant, characteristic of the material 
and 'W' is the Newtonian resistance pressure which do 
not allow plastic deformation.

The present analysis has convincingly shown that 
'n' and 'a' in Kick's law or ’ b ’ and 'W' in
modified Kick's law are not simple constants
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characteristics of the material but are constants with 
a deep meaning. They depend on orientation of the 
pyramidal indenter with respect to a chosen direction 
on a crystal face and temperature. Hence the
statement of these laws must include the above
meaning. They can be stated as follows :

When a crystal face (cleavage face or growth 
face free from major features or a synthetic polished 
face) of low indices is statically indented by a
pyramidal indenter (Vickers or Knoop) under applied
load P, a pyramidal indentation with a well defined 
geometrical shape (square or rhombus) is obtained. The 
relation between the applied load P and the
indentation dimension 1d * is given by

= adn

where 'd' is the average length of diagonal in the 
case of square shape. For rhombic shape it is the 
major diagonal length. ' n' and 'a' are direction and 
temperature - dependant anisotropic constants and that 
there is at least one crystallographic direction on 
the crystal face under consideration in the crystal
or corresponding general direction along which ’n' has 
a minimum value around 2 and 'a' has a maximum
value; 'a' can be considered as the index of
softness. The above statement of modified Kick's law 
can also be rewritten as follows :

The effective load which produces static 
indentation by a pyramidal indenter (Vickers or Knoop) 
is (P - W) for which the variation is proportional to 
the square of the diagonal length of the indentation 
mark. In symbolic form it is given by
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P - W = bd2

where b and W are direction - and temperature - dependant 
anisotropic constants and there is at least one 
crystallographic direction on the crystal face under 
consideration or a corresponding general direction in the 
crystal along which ' b' has a minimum value and 'W has 
a maximum value.

4.4.4 Mechanical Response of NaCl, KC1 and KBr

It is shown 
should be selected 
direction [100'
KBr. Accordingly the quantities (n1/n1rt,
<n2/„2o, a2/a2o>

nl/nlo’
difference of say (n^
(n^tifo - 1) x 100 la should be

above that the direction [110] 

as a reference direction instead of 
on a cleavage face of NaCl, KC1 and

al/alo),
calculated.
anisotropic

as, say
percentage
n. i .e . lo

This makes

and (b2^b2o’ w2/w2o}
'V lo: 
were

These quantities are temperature - dependant 
quantities. Instead of representing them 

it is desirable to determine the
ni )
lo divided by 

calculated.
the comparative
Hence

study easier and more meaningful.

n- - n.^ 1- lo x 100 ) etc. are calculated for3 
t—1
 O

different 'A's' and T 1 s . Itq is interesting to
compare the plasticity of NaCl and KC1 in which
anions are identical whereas cations (Na and K ) 
are different. All these crystals exhibit six-fold 
coordination. Further ion-size ratio of a crystal 
defined as a ratio of crystal radius of cation 
(r+) to crystal radius of anion (r—) isanion
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(r+/r-) « (0.118/0.165) - 0.715 for NaCl whereas for

KC1 It is (r+/r-) = (0.150/0.165) = 0.8187. Hence ratio
of (r+/r-to ^r+^r-^NaCl *-s (0.8187/0.7151) = 1.14 .
It is well-known that a coordination number 6 occurs
when 0.732 > r+/r- > 0.414 i.e., when the ion-size
ratio is greater than 0.7327 or less than 0.414, the
fee structure gets distorted. For NaCl, the ion-size 
ratio is 0.7151. Hence structurally NaCl is free from
distortion. However for KC1, the above ratio is
0.8187 . KC1 is having slightly intrinsic structural 
distortion. This behaviour should be reflected in the
indentation studies of NaCl and KC1 cleavage faces.
Indentation produces plastic deformation. Hence for a 
given load, the diagonal length of the indentation 
mark should be an indication of plasticity of the 
face and crystal.

A careful comparison of P and d values for 
these crystals for different orientations and different 
quenching temperatures and room temperature shows that 
the diagonal length of the indented cleavage face of 
KC1 (d^c^) is always greater than the corresponding
value for NaCl (^NaCl ^ cleavage face. This is true 
for all applied loads and for all orientations at 
room temperature. Representative values of ^KCl ^NaCl 
for a few applied loads and orientations are given 
in the table :

Applied
1 oad
P in gm 0°

10 1.472
20 1.393
30 1.406
60 1.422

140 1.419

dKCl^dNaCl 
Orientations

oo 50° 60°
1.489 1.485 1.492
1.524 1.510 1.479
1.472 1.510 1.465
1.442 1.419 1.462
1.489 1.489 1.428



72

about 45° orientation
value because this happens to

Further 
maximum 
[110] or a direction 
clearly indicates that 
KC1 is greater than 
plasticity arises due 
lattice. This also 
consideration should be 
mechanical response of

(dKCl^dNaCl

in the family 
the intrinsic

) has a 
be the direction 
<(ll0> . This
plasticity of 

that of NaCl . Further this 
to K+ ions in the crystal 
suggests that the above 
applicable to the study of 

indented cleavage surfaces of

i. KC1 and KBr

ii. KBr and NaCl .

The data for the above crystals is given below in a
tabular form :

Radius of Ions in nm.
r+ r-Na+ K+ Cl" Br~

0.118 0.150 0.165 0.181

Ion-size ratio Ratio of
m no
KC1 KBr NaCl m/n n/o
0.8187 0.8087 0.7151 1.012 1.130

For KC1 and KBr crystals, cations are identical but 
anions are different and ionic radius of chlorine is 
less than that of bromine.

The
dKBr^dKCl

representive values of applied loads and 
for different orientations are shown below :

Applied dKBr/dKCl
load Orientations

in gm 0° oo<1" 50° 60°
10 1.006 1.016 1.018 1.002
20 1.113 0.893 0.909 1.032
30 1.101 1.030 1.030 1.086
60 1.104 1.066 0.957 1.064

140 1.126 1.086 1.035 1.108
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The above table clearly shows that cleavage face 

of KBr crystal is more plastic than that of KC1 . 
Obviously this is due to the fact that size of Br 
ion is greater than that of Cl . Thus intrinsic
plasticity of cleavage face of KBr is greater than 
that of KC1 .

For KBr and NaCl crystals } cations and anions
are different. Since the ratio of (r+/r-)KBr :
(r+/r-) isfaCl 1*13, i.e.; KBr crystal is more plastic
than NaCl due to the fact that radius of K+ is

-f —greater than that of Na and also radius of Br is
greater than that of Cl . This conjecture should be 
supported by the indentation studies of cleavage faces
of KBr and NaCl. The representative values of
dKBr^dNaCl for different applied loads and different
orientations are given below :

Applied dKBr^dNaCl
1 oad Orientations
P in gm 0° 40° 50° 60°

10 1.482 1.513 1.513 1.496
20 1.548 1.361 1.374 1.527
30 1.548 1.517 1.100 1.101
60 1.570 1.538 1.531 1.555

140 1.598 1.618 1.442 1.577

It is thus clear from the comparative study of
indented cleavage faces of NaCl, KC1 and KBr that
intrinsic plasticity of KBr cleavages is the maximum
whereas that of NaCl is minimum and that piasticity
of KC1 is in between these crystals. This depends on 
the coordination number of the crystal structure.
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This number is influenced by ion-size ratio. For KC1
and NaCl , radius of K+ and for KC1 and KBr, the
radius of Br pi ay a dominant role. It is also
clear from KBr and NaCl that even when ions are 
different, consideration of ' ionic radii of cations and
anions is important to decide plasticity of crystals.

4.5 CONCLUSIONS:

The following conclusions are drawn from the
experimental study of variation of applied load with 
longer diagonal of the Knoop indentation mark for
different orientations and quenching temperature :

(1) For all these three crystals the plot of log d Vs.
log P consists of two clearly recognizable
straight lines having different slopes (n^ and n2)
and intercepts (a^ and 82) for low loads and high 
loads respectively. For a given load, 'n' and 'a'
are connected in such a way that an increase of 
'n' (n^ or n2) is always accompained by a
decrease in 'a' (a^ or &2) and conversily.

(2) The variations in the exponents of ' d * can be
eliminated by employing modified Kick's law - where 
the exponent is nearly equal to 2 and n2 and
is replaced by b2 and This law is

applicable only in HLR.

(3) n^, a^i TI2, &2> ^2’ ^2 have clear relation with
orientation A at all quenching temperatures and
room temperature. Along the direction [110] or in 
general <^111^> these quantities have extremum
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(4)

(5)

(6)

where

(7)

values which are independent of orientation and 
temperature.

For studying mechanical response of indented 
cleavage faces of NaCI , KC1 and KBr single crystals, 
two anisotropic constants are necessary. They are

(nl/nlo>al/alo) or <n2/n2o’a2^a2o) or (b2/b2o’ w2/w2o'

The mathematical analyses of the mechanical
response of indented cleavage faces of NaGl, KC1 
and KBr based on the observations for applied load 

and indentation dimensions has shown the 
existence of intermediate load region (ILR) in
addition to LLR and HLR.

a2 and b2 depend on quenching temperature and 
follow the relations:

1-m,
a2 TQ

l-m0h T °2 lQ

- constant 
k2a2 TQ

= constant 
k3= h T J d2 Q

k2 and are negative and less than unity.

The present analysis has clearly shown that the 
statement of Kick's law and modified Kick's law 
should be revised.
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(8) Comparative study of indented cleavage faces of

NaCl, KC3 and KBr has clearly indicated that the
plasticity of KBr is maximum whereas for

■ NaCl is minimum amongst all the three crystals
studied. This is found to be due to different sizes
of anions and cations.
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TABLE - 4.1 A(I}

FOR NaCl CRYSTALS 

ROOM TEMPERATURE = 303°K

Log P < - Log <d ------ >

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.488 1.488 1.489 1.497 1.497 1.498 1.498 1.488 1.480 1.480
0.397 1.630 1.636 1.637 1.646 1.648 1.649 1.648 1.637 1.637 1.639
0.574 1.715 1.715 1.719 1.734 1.733 1.736 1.733 1.713 1.718 1.724
0.698 1.764 1.765 1.785 1.786 1.786 1.798 1.784 1.780 1.775 1.781
0.795 1.807 1.796 1.822 1.832 1.836 1.836 1.835 1.824 1.821 1.813
0.875 1.830 1.824 1.855 1.868 1.872 1.874 1.870 1.857 1.834 1.847
0.942 1.870 1.874 1.884 1.896 1.899 1.899 1.898 1.887 1.865 1.874
1.000 1.902 1.906 1.923 1.926 1.930 1.930 1.925 1.913 1.894 1.902
1.051 1.928 1.932 1.940 1.948 1.962 1.962 1.950 1.935 1.922 1.928
1,096 1.953 1.952 1.962 1.968 1.996 1.996 1.972 1.959 1.951 1.951
1.138 1.978 1.974 1.984 1.983 2.018 2.017 1.990 1.983 1.992 1.973
1.176 2.016 2.012 2.014 2.019 2.031 2.032 2.014 2.015 2.001 1.997
1.210 2.027 2.030 2.037 2.033 2.049 2.049 2.033 2.036 2.030 2.028
1.243 2.040 2.047 2.058 2.052 2.071 2.070 2.051 2.056 2.047 2.042
1.273 2.060 2.068 2.072 2.073 2.086 2.085 2.073 2.072 2.067 2.058
1.301 2.079 2.055 2.078 2.087 2.106 2.102 2.086 2.086 2.085 2.074
1.397 2.126 2.129 2.136 2.137 2.158 2.157 2.137 2.136 2.129 2.136
1.477 2.170 2.165 2.177 2.178 2.199 2.198 2.178 2.176 2.166 2.170
1.602 2.232 2.236 2.238 2.245 2.260 2.262 2.248 2.238 2.235 2.233
1.698 2.280 2.286 2.289 2.298 2.310 2.312 2.296 2.289 2.276 2.282
1.778 2.318 2.320 2.331 2.338 2.353 2.355 2.338 2.331 2.328 2.319
1.845 2.355 2.349 2.363 2.371 2.384 2.387 2.371 2.361 2.353 2.355
1.903 2.382 2.383 2.388 2.400 2.413 2.418 2.402 2.391 2.382 2.382

2.00 2.430 2.429 2.448 2.454 2.464 2.468 2.455 2.447 2.430 2.430

2.041 2.448 2.459 2.468 2.472 2.486 2.498 2.481 2.468 2.457 2.448

2.079 2.470 2.476 2.483 2.489 2.508 2.509 2.499 2.483 2.481 2.471

2.146 2.500 2.511 2.520 2.553 2.541 2.542 2.523 2.522 2.511 2.500

2.204 2.530 2.542 2.550 2.552 2.572 2.571 2.552 2.551 2.541 2.530



TABLE - 4.1 A(II) 
FOR NaCl CRYSTALS

QUENCHING TEMPERATURE = 473°K

Log P
------------- j;Og a -

-?

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.405 1.495 1.497 1.500 1.504 1.502 1.498 1.497 1.494 1.494
0.397 1.635 1.637 1.648 1.649 1.653 1.652 1.649 1.647 1.641 1.637
0.574 1.724 1.724 1.726 1.733 1.736 1.736 1.733 1.729 1.724 1.722
0.698 1.774 1.778 1.784 1.786 1.798 1.796 1.789 1.786 1.778 1.774
0.795 1.811 1.818 1.828 1.831 1.835 1.836 1.835 1.826 1.821 1.813
0.875 1.840 1.840 1.850 1.863 1.868 1.870 1.872 1.863 1.861 1.845

0.942 1.860 1.862 1.872 1.884 1.880 1.880 1.876 1.870 1.862 1.860
1 .000 1.882 1.903 1.913 1.906 1.916 1.916 1.905 1.905 1.903 1.886
1.051 1.917 1.927 1.935 1.930 1.938 1.938 1.930 1.930 1.925 1.972
1.096 1.942 1.951 1.957 1.957 1.974 1.963 1.957 1.953 1.951 1.944

1.138 1.972 1.974 1.990 1.994 1.997 1.997 1.991 1.989 1.975 1.969
1.176 1.990 1.994 2.007 2.014 2.019 2.016 2.014 2.005 1.997 1.990
1.210 2.006 2.018 2.028 2.017 2.031 2.036 2.030 2.028 2.018 2.010
1.243 2.038 2.034 2.045 2.045 2.060 2.057 2.045 2.046 2.034 2.034
1.273 2.059 2.051 2.061 2.061 2.077 2.078 2.061 2.061 2.052 2.052
1.301 2.275 2.076 2.076 2.076 2.089 2.092 2.076 2.076 2.073 2.075
1.397 2.149 2.125 2.129 2.125 2.147 2.147 2.126 2.129 2.129 2.123
1.477 2.163 2.164 2.173 2.173 2.190 2.188 2.177 2.175 2.164 2.163
1.602 2.225 2.224 2.239 2.238 2.253 2.255 2.240 2.238 2.227 2.227

1.698 2.271 2.275 2.284 2.288 2.306 2.306 2.288 2.286 2.275 2.275
1.778 2.313 2.315 2.326 2.329 2.343 2.345 2.371 2.328 2.316 2.313

1.845 2.341 2.349 2.361 2.361 2.381 2.381 2.361 2.363 2.355 2.341

1.903 2.366 2.382 2.388 2.399 2.410 2.410 2.399 2.382 2.386 2.376

2.000 2.423 2.429 2.473 2.451 2.457 2.459 2.454 2.439 2.437 2.423

2.041 2.448 2.459 2.466 2.469 2.479 2.482 2.474 2.463 2.461 2.446

2.079 2.468 2.480 2.485 2.494 2.500 2.500 2.494 2.485 2.482 2.471

2.146 2.497 2.511 2.524 2.534 2.536 2.534 2.529 2.522 2.523 2.512

2.204 2.534 2.528 2.554 2.563 2.564 2.563 2.563 2.556 2.541 2.534



TABLE - 4.1 A(III)

(FOR NaC3)
QUENCHING TEMPERATURE Tq = 573°K

y ......VLUg r LiOg a

A=0° A=10° A=20° A-30° A=40° A=50° A=60° A=70° A=80° A=90°

0.094 1.467 1.473 1.473 1.485 1.485 1.479 1.473 1.473 1.467 1.467
0.397 1.610 1.610 1.601 1.614 1.614 1.635 1.614 1.614 1.607 1.610
0.574 1.682 1.689 1.697 1.711 1.711 1.697 1.689 1.675 1.682 1.675
0.698 1.731 1.717 1.731 1.753 1.775 1.753 1.737 1.731 1.731 1.717
0.795 1.769 1.769 1.772 1.772 1.814 1.814 1.772 1.772 1.769 1.769

0.875 1.830 1.814 1.814 1.814 1.835 1.835 1.833 1.815 1.814 1.830
0.942 1.670 '1.861 1.846 1.856 1.856 1.873 1.873 1.846 1.840 1.868
1.000 1.902 1.902 1.903 1.875 1.905 1.905 1.875 1.907 1.902 1.902
1.051 1.928 1.928 1.911 1.930 1.930 1.930 1.932 1.920 1.928 1.913
1.096 1.957 .1.955 1.955 1.960 1.962 1.952 1.953 1.958 1.957 1.953
1.138 1.974 1.976 1.972 1.978 1.981 1.979 1.979 1.972 1.976 1.976
1.176 1.990 1.990 1.989 1.996 1.994 1.998 1.994 1.990 1.992 1.987
1.210 2.013 2.012 2.012 2.018 2,018 2.022 2.015 2.013 2.008 2.008
1.243 2.048 2.042 2.045 2.048 2.051 2.048 2.049 2.042 2.040 2.042
1.273 2.054 2.051 2.057 2.059 2.057 2.060 2.060 2.054 2.056 2.054
1.301 2.073 2.074 2.073 2.076 2.076 2.077 2.077 2.074 2.074 2.073
1.397 2.123 2.121 2.126 2.126 2.129 2.131 2.131 2.126 2.177 2.171
1.477 2.152 2.149 2.149 2.167 2.166 2.167 2.166 2.154 2.149 2.152
1.602 2.225 2.225 2.224 2.224 2.227 2.226 2.226 2.221 2.221 2.223
1.698 2.271 2.275 2.227 2.277 2.279 2.279 2.276 2.275 2.269 2.269
1.778 2.313 2.311 2.311 2.310 2.313 2.315 2.315 2.311 2.311 2.313
1.845 2.347 2.349 2.347 2.351 2.362 2.363 2.352 2.351 2.349 2.346
1.903 2.375 2.375 2.380 2.378 2.391 2.391 2.378 2.378 2.375 2.375
2.000 2.426 2.423 2.423 2.426 2.437 2.438 2.428 2.424 2.423 2.423
2.041 2.448 2.452 2.450 2.454 2.478 2.479 2.454 2.455 2.450 2.450
2.079 2.465 2.465 2.467 2.466 2.492 2.492 2.466 2.469 2.469 2.470
2.146 2.496 2.496 2.498 2.497 2.522 2.522 2.499 2.490 2.494 2.494
2.204 2.531 2.534 2.535 2.537 2.538 2.538 2.538 2.535 2.532 2.533



TABLE - 4.1 A(IV)
(FOR NaCI)

QUENCHING TEMPERATURE Tq = 673°K

Log P <— Log d ------- >

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.096 1.440 1.440 1.460 1.470 1.480 1.480 1.470 1.460 1.460 1.440
Q.397 1.560 1.560 1.560 1.560 1.580 1.580 1.560 1.570 1.570 1.560
0.574 1.660 1.660 1.660 1.670 1.680 1.680 1.690 1.670 1.660 1.640
0;698. 1.710 1.710 1.720 1.720 1.720 1.720 1.710 1.710 1.710 1.700
0.798 1.770 1.770 1.780 1.780 1.790 1.790 1.780 1.780 1.770 1.760
0.875 1.820 1.820 1.830 1.830 1.840 1.840 1.830 1.830 1.820 1.820
0.942 1.850 1.850 1.860 1.860 1.870 1.870 1.860 1.860 1.850 1.850
1.000 1.890 1.890 1.900 1.900 1.910 1.910 1.900 1.890 1.890 1.890
1.051 1.920 1.920 1.930 1.940 1.930 1.930 1.930 1.940 1.920 1.920
1.096 1.957, 1.957 1.960 1.962 1.964 1.966 1.962 1.960 1.953 1.957
1.138 1.968 1.974 1.976 1.976 1.978 1.981 1.981 1.974 1.976 1.968
1.176 1.990 1.987 1.994 1.996 1.994 1.995 1.990 1.994 1.987 1.990
1.210 2.012 2.012 2.017 2.017 2.018 2.020 2.015 2.012 2.015 2.012
1.243 2.048 2.042 2.042 2.043 2.045 2.045 2.045 2.045 2.042 2.043
1.273 2.060 2.060 2.057 2.063 2.065 2.065 2.060 2.057 2.059 2.054
1.301 2.065 2.070 2.067 2.067 2.070 2.076 2.077 2.070 2.067 2.063
1.397 2.105 2.119 2.118 2.123 2.123 2.121 2.118 2.118 2.118 2.105
1.477 2.149 2.149 2.154 2.155 2.155 2.127 2.154 2.149 2.147 2.147
1.602 2.211 2.221 2.219 2.223 2.223 2.225 2.223 2.217 2.217 2.215
1.698 2.255 2.269 2.272 2.275 2.276 2.276 2.273 2.245 2.241 2.268
1.778 2.296 2.304 2.304 2.307 2.320 2.320 2.311 2.309 2.306 2.302
1.845 2.339 2.338 2.339 2.339 2.353 2.353 2.344 2.343 2.338 2.295
1.903 2.368 2.369 2.371 2.375 2.374 2.371 2.371 2.369 2.368 2.368
2.000 2.418 2.419 2.416 2.423 2.426 2.426 2.424 2.423 2.422 2.419
2.041 2.436 2.446 2.448 2.450 2.450 2.452 2.451 2.448 2.445 2.448
2.079 2.465 2.465 2.466 2.469 2.469 2.469 2.467 2.467 2.469 2.466
2.146 2.493 2.496 2.497 2.498 2.498 2.496 2.493 2.493 2.491 2.491
2.204 2.527 2.527 2.529 2.530 2.531 2.531 2.531 2.527 2.527 2.528



TABLE - 4.1 A(V)
(FOR NaCl)

QUENCHING TEMPERATURE Tq - 773°K

Log P s.... LUg vl

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.096 1.430 1.440 1.440 1.440 1.460 1.460 1.440 1.430 1.430 1.430
0.397 1.560 1.560 1.590 1.620 1 .630 1.630 1.620 1.600 1.590 1.580
0.574 1.600 1.670 1.690 1.690 1.710 1.710 1.700 1.700 1.680 1.660
0.698 1.770 1.720 1.740 1.750 1.750 1.760 1.740 1.740 1.720 1.720
0.795 1.760 1.770 1.780 1.790 1.800 1.800 1.790 1.790 1.780 1.770
0.895 1.810 1.820 1.830 1.840 1.850 1.860 1.850 1.840 1.840 1.830
0.942 1.860 1.860 1.880 1.880 1.880 1.880 1.880 1.870 1.870 1.860
1.000 1.880 1.890 1.900 1.900 1.900 1.910 1.900 1.900 1.890 1.890
1.051 1.920 1.920 1.930 1.940 1.940 1.920 1.920 1.920 1.910 1.910
1.096 1.945 1.949 1.949 1.953 1.953 1.953 1.945 1.949 1.945 1.943
1.138 1.972 1.972 1.976 1.978 1.978 1.979 1.972 1.974 1.976 1.968
1.176 1.989 1.987 1.987 1.994 1.990 1.994 1.994 1.990 1.989 1.989
1.210 2.008 2.008 2.012 2.013 2.013 2.012 2.005 2.006 2.003 2.008
1.243 2.031 2.035 2.033 2.038 2.038 2.040 2.038 2.035 2.037 2.035
1.273 2.034 2.054 2.054 2.060 2.057 2.060 2.060 2.057 2.034 2.034
1.301 2.052 2.067 2.067 2.073 2.073 2.074 2.073 2.067 2.073 2.048
1.397 2.098 2.106 2.113 2.113 2.121 2.121 2.118 2.114 2.115 2.100
1.477 2,152 2.149 2.150 2.154 2.155 2.157 2.157 2.150 2.153 2.149
1.602 2.204 2.212 2.212 2.214 2.219 2.219 2.214 2.214 2.215 2.204
1.698 2.234 2.252 2.269 2.275 2.275 2.277 2.275 2.276 2.272 2.249
1.778 2.321 2.302 2.304 2.304 2.307 2.308 2.304 2.304 2.302 2.286
1.845 2.341 2.329 2.339 2.341 2.343 2.344 2.344 2.341 2.341 2.318
1.903 2.350 2.350 2.374 2.374 2.373 2.373 2.374 2.369 2.369 2.348
2.000 2.399 2.413 2.424 2.423 2.424 2.423 2.422 2.422 2.419 2.399
2.041 2.422 2.432 2.443 2.443 2.446 2.446 2.444 2.443 2.443 2.421
2.079 2.453 2.453 2.405 2.469 2.469 2.466 2.467 2.467 2.465 2.454
2.146 2.483 2.483 2.493 2.493 2.496 2.496 2.496 2.494 2.493 2.482
2.204 2.527 2.526 2.527 2.530 2.529 2.530 2.530 2.528 2.528 2.526



TABLE - 4.1 A(VI)

(FOR NaCl)
QUENCHING TEMPERATURE T = 873"K

q

<------------------------------------------------------L0g d --------------------------------------------------->

Log P
A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80°

ooO
'11

<

0.096 1.390 1.400 1.400 1.420 1.430 1.420 1.400 1.400 1.390 1.390
0.397 1.550 1.560 1.560 1.560 1.570 1.570 1.560 1.560 1.550 1.550
0.574 1.640 1.640 1.640 1.650 1.660 1.670 1.640 1.640 1.640 1.640
0.698 1.700 1.700 1.710 1.720 1.720 1.730 1.720 1.710 1.700 1.700
0.795 1.750 1.760 1.770 1.780 1.790 1.790 1.780 1.780 1.760 1.760
0.875 1.800 1.810 1.820 1.830 1.840 1.840 1.830 1.820 1.800 1.800
0.942 1.850 1.860 1.860 1.870 1.880 1.880 1.870 1.870 1.850 1.850
1.000 1.870 1.880 1.880 1.890 1.910 1.910 1.900 1.890 1.880 1.870
1.051 1.890 1.900 1.900 1.910 1.920 1.930 1.910 1.900 1.890 1.890
1.096 1.910 1.920 1.930 1.930 1.940 1.940 1.930 1.920 1.920 1.910
1.138 1.930 1.940 1.950 1.960 1.960 1.970 1.960 1.950 1.940 1.940
1.176 1.960 1.960 1.970 1.980 1.990 1.990 1.980 1.960 1.960 1,950
1.210 1.980 1.980 1.990 2.010 2.010 2.010 2.000 1.990 1.980 1.980
1.243 1.990 1.990 2.000 2.010 2.020 2.020 2.020 2.010 2.000 1.980
1.273 2.010 2.020 2.020 2.030 2.040 2.040 2.030 2.020 2.010 2.010
1.301 2.030 2.040 2.040 2.050 2.050 2.050 2.050 2.040 2.040 2.030
1.397 2.080 2.080 2.090 2.100 2.100 2.110 2.100 2.090 2.080 2.070
1.477 2.110 2.120 2.120 2.130 2.130 2.140 2.130 2.130 2.120 2.110
1.602 2.170 2.180 2.180 2.190 2.200 2.200 2.180 2.180 2.170 2.170
1.698 2.220 2.230 2.230 2.240 2.240 2.240 2.240 2.230 2.230 2.220
1.778 2.270 2.270 2.280 2.280 2.290 2.290 2.290 2.280 2.270 2.270
1.845 2.300 2.310 2.310 2.320 2.320 2.320 2.320 2.310 2.310 2.300
1.903 2.330 2.330 2.340 2.340 2.350 2.350 2.350 2.340 2.340 2.330
2.000 2.380 2.390 2.390 2.400 2.400 2.400 2.390 2.390 2.390 2.380
2.041 2.410 2.420 2.420 2.430 2.440 2.440 2.430 2.430 2.420 2.420
2.079 2.440 2.440 2.440 2.450 2.450 2.450 2.450 2.440 2.440 2.440
2.146 2.460 2.460 2.470 2.470 2.470 2.480 2.470 2.470 2.460 2.460
2.204 2.500 2.510 2.510 2.510 2.520 2.520 2.510 2.510 2.510 2.500



TABLE - 4.1 B(I)
(FOR KC1)

ROOM TEMPERATURE = 303“K

Log P A _>

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.096 1.623 1.623 1.626 1.639 1.664 1.664 1.648 1.626 1.625 1.623
0.397 1.756 1.756 1.773 1.793 1.798 1.798 1.791 1.791 1.757 1.758
0.574 1.841 1.883 1.843 1.864 1.887 1.887 1.864 1.844 1.841 1.847
0.698 1.909 1.916 1.926 1.931 1.954 1.956 1.933 1.932 1.914 1.903
0.795 1.964 1.955 1.972 1.980 1.995 1.997 1.981 1.975 1.955 1.958
0.875 2.001 2.011 2.037 2.036 2.038 2.038 2.037 2.037 2.015 2.003
0.942 2.048 2.043 2.050 2.067 2.076 2.076 2.065 2.051 2.048 2.048
1.000 2.070 2.075 2.082 2.103 2.103 2.102 2.099 2.082 2.075 2.067
1.051 2.104 2.123 2.127 2.127 2.127 2.127 2.127 2.121 2.121 2.104
1.096 2.129 2.138 2.147 2.152 2.156 2.158 2.150 2.147 2.138 2.129
1.138 2.149 2.150 2.152 2.174 2.177 2.177 2.172 2.171 2.159 2.138
1.176 2.154 2.171 2.179 2.194 2.202 2.202 2.194 2.187 2.171 2.165
1.210 2.181 2.189 2.197 2.208 2.220 2.218 2.208 2.195 2.183 2.181
1.243 2.194 2.198 2.203 2.215 2.242 2.242 2.213 2.206 2.211 2.194
1.273 2.216 2.213 2.218 2.232 2.261 2.261 2.232 2.214 2.213 2.216
1.301 2.223 2.227 2.247 2.257 2.289 2.281 2.256 2.250 2.227 2.223
1.397 2.273 2.275 2.296 2.305 2.338 2.338 2.305 2.294 2.275 2.276
1.472 2.318 2.323 2.340 2.352 2.367 2.377 2.344 2.344 2.339 2.318
1.602 2.381 2.410 2.423 2.415 2.425 2.426 2.421 2.404 2.390 2.381
1.698 2.428 2.452 2.457 2.466 2.472 2.467 2.463 2.456 2.446 2.428
1.778 2.471 2.491 2.666 2.506 2.512 2.507 2.503 2.491 2.491 2.471
1.845 2.500 2.525 2.531 2.647 2.559 2.559 2.547 2.530 2.524 2.503
1.903 2.530 2.554 2.557 2.603 2.587 2.586 2.603 2.576 2.554 2.530
2.000 2.580 2.601 2.606 2.631 2.633 2.631 2.631 2.606 2.602 2.580
2.041 2.601 2.617 2.619 2.644 2.647 2.643 2.644 2.619 2.617 2.601
2.079 2.621 2.635 2.640 2.664 2.667 2.667 2.663 2.640 2.635 2.618
2.146 2.652 2.673 2.673 2.727 2.714 2.715 2.698 2.677 2.673 2.654
2.204 2.687 2.703 2.705 2.727 2.744 2.744 2.724 2.724 2.706 2.691



TABLE - 4.1 B(II)
(FOR KC1)

QUENCHING TEMPERATURE - 473°K

Log P -
... -* og

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.096 1.623 1.635 1.639 1.675 1.667 1.660 1.652 1.635 1.627 1.627
0.397 1.775 1.775 1.792 1.809 1.825 1.820 1.803 1.792 1.792 1.780
0.574 1.856 1.863 1.880 1.893 1.900 1.910 1.889 1.889 1 .870 1.856
0.698 1.916 1.932 1.944 1.957 1.960 1.960 1.945 1.928 1.916 1.911
0.795 1.957 1.972 1.972 1.987 2.000 2.010 1.990 1.979 1.964 1.953
0.875 1.998 2.015 2.035 2.038 2.040 2.050 2.028 2.018 2.008 1.994
0.942 2.025 2.042 2.045 2.054 2.070 2.060 2.048 2.049 2.045 2.028
1.000 2.048 2.060 2.073 2.079 2.090 2.100 2.084 2.073 2.070 2.045
1.051 2.070 2.084 2.096 2.107 2.115 2.110 2.107 2.102 2.081 2.070
1.096 2.099 2.107 2.118 2.129 2.140 2.140 2.129 2.118 2.107 2.099
1.138 2.121 2.129 2.139 2.152 2.160 2.160 2.154 2.142 2.129 2.123
1.176 2.144 2.154 2.166 2.181 2.190 2.190 2.178 2.166 2.152 2.142
1.210 2.164 2.176 2.181 2.192 2.210 2.200 2.190 2.181 2.181 2.164
1.243 2.181 2.192 2.208 2.221 2.230 2.230 2.214 2.203 2.201 2.185
1.273 2.201 2.198 2.233 2.242 2.250 2.240 2.235 2.221 2.212 2.197
1.301 2.219 2.231 2.242 2.256 2.270 2.270 2.261 2.250 2.233 2.223
1.397 2.269 2.275 2.290 2.302 2.320 2.320 2.306 2.290 2.271 2.267
1.477 2.314 2.333 2.344 2.355 2.360 2.360 2.341 2.328 2.323 2.311
1.602 2.377 2.387 2.399 2.418 2.430 2.420 2.414 2.401 2.388 2.380
1.698 2.427 2.441 2.453 2.464 2.480 2.480 2.457 2.445 2.435 2.428
1.778 2.466 2.475 2.490 2.502 2.510 2.510 2.500 2.492 2.471 2.467
1.845 2.504 2.513 2.523 2.532 2.550 2.550 2.540 2.525 2.513 2.502
1.903 2.529 2.539 2.553 2.574 2.590 2.580 2.568 2.551 2.535 2.530
2.000 2.584 2.600 2.609 2.623 2.640 2.640 2.627 2.610 2.598 2.583
2.041 , 2.610 2.620 2.633 2.643 2.660 2.660 2.644 2.643 2.620 2.609
2.079 : 2.633 2.644 2.659 2.668 2.680 2.680 2.666 2.659 2.648 2.638

2.146 i 2.669 2.683 2.697 2.711 2.720 2.720 2.711 2.702 2.686 2.668

2.204 2.701
|

2.709 2.718 2.738 2.760 2.750 2.737 2.717 2.711 2.700

i



TABLE - 4.1 B(III)

(FOR KC1)

QUENCHING TEMPERATURE = 573°K

Log p <-------------------------------- log d

A=0° A=10° A=20° A=30° A=40° A=50° A=60°- A=70° A=80° A=90°

0.097 1.605 1.627 1.645 1.649 1.651 1.651 1.650 1.648 1.630 1.604
0.397 1.755 1.770 1.769 1.784 1.800 1.800 1.783 1.769 1.770 1.755
0.574 1.841 1.843 1.859 1.872 1.875 1.876 1.872 1.859 1.842 1.841
0.698 1.906 1.911 1.927 1.931 1.936 1.936 1.931 1.937 1.911 1.906
0.795 1.945 1.951 1.956 1.971 1.977 1.977 1.971 1.956 1.950 1.945
0.875 3.982 1.996 2.012 2.014 2.970 2.018 2.014 2.013 1.996 1.982
0.942 2.008 2.020 2.023 2.050 2.045 2.047 2.049 2.023 2.020 2.009
1.000 2.037 2.043 2.051 2.059 2.067 2.067 2.060 2.052, 2.043 2.037
1.051 2.058 2.065 2.078 2.087 2.096 2.097 2.097 2.086 2.078 2.058
1.096 2.080 2.088 2.098 2.111 2.117 2.118 2.110 2.098 2.087 2.080
1.138 2.102 2.110 2.119 2.142 2.140 2.139 2.140 2.138 2.111 2.102
1.176 2.127 2.134 2.146 2.158 2.167 2.166 2.157 2.146 2.134 2.128
1.210 2.150 2.154 2.160 2.171 2.182 2.184 2.171 2.159 2.154 2.151
1.243 2.160 2.172 2.185 2.198 2.202 2.202 2.200 2.184 2.172 2.160
1.273 2.283 2.191 2.211 2.217 2.223 2.223 2.217 2.211 2.191 2.184
1.301 2.199 2.210 2.217 2.230 2.241 2.242 2.230 2.216 2.191 2.199
1.397 2.248 2.254 2.267 2.276 2.291 2.291 2.276 2.427 2.267 2.248
1.477 2.293 2.307 2.315 2.326 2.335 2.338 2.328 2.315 2.307 2.293
1.602 2.354 2.360 2.377 2.389 2.396 2.396 2.388 2.379 2.360 2.354
1.698 2.408 2.420 2.428 2.437 2.440 2.446 2.436 2.428 2.420 2.408
1.778 2.447 2.460 2.468 2.476 2.486 2.486 2.476 2.468 2.460 2.448
1.845 2.483 2.491 2.500 2.506 2.525 2.524 2.567 2.500 2.492 2.483
1.903 2.508 2.518 2.528 2.546 2.559 2.560 2.546 2.528 2.518 2.508
2.000 2.557 2.576 2.584 2.595 2.605 2.606 2.595 2.582 2.576 2.552

2.041 2.588 2.596 2.612 2.599 2.631 2.632 2.599 2.611 2.599 2.588

2.079 2.611 2.624 2.620 2.641 2.652 2.652 2.643 2.619 2.623 2.611

2.146 2.647 2.656 2.663 2.681 2.691 2.691 2.679 2.663 2.656 2.647
2.204 2.677 2.688 2.693 2.702 2.721 2.722 2.703 2.693 2.688 2.677



TABLE - 4.1 B(IV)

(FOR KCL)

QUENCHING TEMPERATURE = 673°K

Log P H N

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.588 1.605 1.621 1.625 1.628 1.628 1.625 1.622 1.605 1.588
0.397 1.736 1.748 1.746 1.764 1.776 1.777 1.764 1.746 1.748 1.736
0.574 1.824 1.826 1.839 1.849 1.850 1.850 1.849 1.839 1.827 1.824
0.698 1.886 1.891 1.906 1.911 1.922 1.922 1.910 1.906 1.891 1.886
0.795 1.930 1.932 1.939 1.949 1.957 1.957 1.949 1.959 1.931 1.931
0.875 1.964 1.975 1.990 1.994 1.998 1.998 1.993 1.990 1.976 1.964
0.942 1.990 2.000 2.004 2.031 2.024 2.045 2.032 2.004 2.000 1.990
1.000 2.020 2.025 2.033 2.040 2.047 2.046 2.040 2.033 2.076 2.019
1.051 2.044 2.049 2.059 2.068 2.075 2.075 2.068 2.059 2.048 2.043
1.096 2.063 2.071 2.080 2.093 2.097 2.097 2.093 2.097 2.071 2.063
1.138 2.084 2.093 2.101 2.111 2.119 2.119 2.111 2.101 2.093 2.084
1.176 2.109 2.116 2.125 2.137 2.146 2.146 2.137 2.125 2.115 2.109
1.210 2.131 2.134 2.140 2.145 2.161 2.162 2.145 2.140 2.133 2.131
1.243 2.142 2.152 2.165 2.179 2.180 2.180 2.199 2.165 2.152 2.142
1.273 2.163 2.172 2.180 2.196 2.200 2.200 2.197 2.180 2.173 2.163
1.301 2.179 2.187 2.196 2.209 2.217 2.218 2.209 2.196 2.187 2.179
1.397 2.227 2.235 2.247 2.258 2.268 2.268 2.258 2.247 2.235 2.228
1.477 2.273 2.287 2.296 2.302 2.310 2.310 2.302 2.296 2.287 2.273
1.602 2.335 2.338 2.358 2.366 3.373 2.372 2.366 2.358 2.338 2.335
1.698 2.387 2.398 2.408 2.414 2.426 2.426 2.413 2.408 2.398 2.386
1.778 2.426 2.438 2.446 2.454 2.465 2.465 2.454 2.446 2.438 2.426
1.845 2.466 2.470 2.480 2.489 2.501 2.502 2.480 2.480 2.470 2.466
1.903 2.495 2.499 2.509 2.518 2.530 2.531 2.518 2.509 2.499 2.495
2.000 2.538 2.552 2.563 2.572 2.581 2.582 2.572 2.563 2.552 2.538
2.041 2.566 2.577 2.589 2.578 2.605 2.605 2.579 2.590 2.578 2.566
2.079 2.588 2.607 2.598 2.617 2.627 2.626 2.616 2.599 2.602 2.588
2.146 2.626 2.635 2.640 2.655 2.664 2.664 2.655 2.641 2.635 2.646
2.204 2.655 2.667 2.671 2.680 2.695 2.695 2.680 2.671 2.667 2.655



TABLE - 4.1 B(V) 

(FOR KC1)

QUENCHING TEMPERATURE = 773°K

Log P . A . sJ u6 “

A=Q° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.572 1.588 1.599 1.605 1.609 1.609 1.605 1.599 1.588 1.572
0.397 1.720 1.729 1.729 1.746 1.757 1.759 1.746 1.730 1.730 1.731
0.574 1.807 1.808 1.820 1.832 1.844 1.844 1.832 1.819 1.807 1.807
0.698 1.870 1.871 1.886 1.892 1.901 1.901 1.891 1.886 1.871 1:570
0.795 1.915 1.910 1.923 1.951 1.939 1.939 1.950 1.923 1.910 1.915
0.875 1.949 1.957 1.970 1.975 1.980 1.981 1.974 1.970 1.958 1.950
0.942 1.975 1.987 1.988 2.016 2.004 2.004 2.015 1.998 1.987 1.974
1.000 2.005 2.008 2.016 2.022 2.027 2.027 2.022 2.016 2.008 2.006
1.051 2.030 2.032 2.041 2.051 2.055 2.055 2.052 2.041 2.032 2.031
1.096 2.049 2.053 2.063 2.074 2.077 2.077 2.075 2.063 2.053 2.049
1.138 2.067 2.076 2.083 2.092 2.099 2.099 2.092 2.083 2.076 2.067
1.176 2.092 2.097 2.109 2.117 2.127 2.127 2.117 2.109 2.097 2.092
1.210 2.116 2.116 2.125 2.128 2.144 2.144 2.128 2.125 2.116 2.116
1.243 2.125 2.133 2.147 2.161 2.166 2.166 2.147 2.146 2.150 2.126
1.273 2.147 2.153 2.163 2.178 2.182 2.182 2.178 2.163 2.153 2.146
1.301 2.162 2.170 2.177 2.190 2.198 2.198 2.190 2.178 2.170 2.162
1.397 2.209 2.218 2.225 2.239 2.246 2.246 2.239 2.224 2.219 2.209
1.477 2.255 2.269 2.276 2.283 2.289 2.288 2.289 2.276 2.269 2.255
1.602 2.317 2.321 2.338 2.344 2.352 2 * 351 2.344 2.338 2.320 2.317
1.698 2.369 2.380 2.389 2.392 2.406 2.405 2.392 2.389 2.380 2.369
1.778 2.408 2.420 2.426 2.433 2.443 2.445 2.432 2.427 2.420 2.408
1.845 2.448 2.452 2.459 2.464 2.481 2.480 2.464 2.459 2.452 2.448
1.903 2.474 2.479 2.488 2.500 2.516 2.517 2.500 2.488 2.478 2.474
2.000 2.521 2.532 2.542 2.551 2.561 2.562 2.550 2.542 2.531 2.520
2.041 2.547 2.558 2.564 2.560 2.583 2.584 2.560 2.564 2.557 2.547
2.079 2.570 2.579 2.579 2.598 2.604 2.605 2.598 2.579 2.579 2.570
2.146 2.605 2.615 2.621 2.631 2.642 2.642 2.631 2.620 2.616 2.605
2.204 2.635 2.647 2.651 2.659 2.671 2.671 2.659 2.651 2.647 2.634



TABLE -4.1 B(VI)
(FOR KC1}

QUENCHING TEMPERATURE = 873°K

Log P <■---------------  1 og d ------------------- >
A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° > II vO O o

0.097 1.554 1.568 1.580 1.586 1.597 1.596 1.586 1.579 1.569 1.554
0.397 1.702 1.718 1.711 1.726 1.738 1.739 1.726 1.711 1.718 1.702
0.574 1.793 1.793 1.793 1.799 1.814 1.824 1.824 1.814 1.793 1.793
0.698 1.854 1.855 1.866 1.873 1.882 1.882 1.873 1.866 1.855 1.854
0.795 1.890 1.911 1.907 1.931 1.923 1.923 1.930 1.915 1.911 1.890
0.875 1.932 1.943 1.952 1.957 1.961 1.961 1.957 1.952 1.942 1.932
0.942 1.961 1.971 1.971 2.000 1.986 1.986 1.999 1.972 1.971 1.961
1.000 1.992 1.994 1.999 2.006 2.010 2.010 2.006 1.999 1.993 1.992
1.051 2.015 2.018 2.025 2.038 2.037 2.037 2.038 2.026 2.018 2.015
1.096 2.057 2.045 2.047 2.059 2.061 2.061 2.059 2.047 2.045 2.037
1.138 2.055 2.064 2.066 2.079 2.081 2.081 2.079 2.066 2.064 2.055
1.176 2.076 2.081 2.091 2.099 2.112 2.110 2.099 2.092 2.082 2.077
1.210 2.102 2.101 2.109 2.110 2.126 2.125 2.126 2.109 2.101 2.102
1.243 2.112 2.115 2.132 2.143 2.147 2.147 2.143 2.132 2.115 2.112
1.273 2.137 2.136 2.146 2.159 2.163 2.164 2.159 2.146 2.136 2.132
1.301 2.146 2.155 2.161 2.170 2.179 2.179 2.173 2.162 2.155 2.145
1.397 2.193 2.202 2.207 2.221 2.228 2.228 2.221 2.207 2.202 2.193
1.477 2.238 2.249 2.258 2.264 2.269 2.269 2.264 2.258 2.249 2.237
1.602 2.300 2.304 2.320 2.325 2.331 2.331 2.325 2.320 2.304 2.299
1.698 2.353 2.363 2.371 2.374 2.387 2.387 2.374 2.371 2.362 2.352
1.778 2.392 2.403 2.409 2.412 2.421 2.421 2.413 2.409 2.403 2.392
1.845 2.434 2.435 2.442 2.448 2.461 2.461 2.448 2.442 2.435 2.434
1.903 2.459 2.463 2.470 2.481 2.494 2.494 2.481 2.470 2.463 2.459
2.000 2.504 2.513 2.523 2.530 2.552 2.552 2.530 2.523 2.513 2.503
2.041 2.532 2.540 2.544 2.546 2.563 2.564 2.546 2.544 2.540 2.532
2.079 2.552 2.561 2.561 2.580 2.583 2.583 2.580 2.561 2.562 2.552
2.146 2.587 2.598 2.600 2.612 2.620 2.620 2.612 2.600 2.598 2.586
2.204 2.618 2.631 2.632 2.641 2.650 2.650 2.640 2.632 2.630 2.618



TABLE - 4.1 C(I)
(FOR KBr)

ROOM TEMPERATURE T = 303 °K

A=0!’ A=10‘* A=20c’ A=30c' A=40c1 A=50c' A=60c’ A=70° A=80° A=90°

0.097 1.690 1.689 1.700 1.700 1.710 1.710 1.700 1.700 1.690 i;690
0.397 1.840 1.840 1.840 1.850 1.850 1.850 1.850 1.840 1.840 1.840
0.574 1.911 1.910 1.920 1.920 1.930 1.930 1.920 1.920 1.910 1.910
0.698 1.968 1.970 1.970 1.980 1.980 1.980 1.970 1.970 1.980 1.960
0.795 2.008 2.008 2.010 2.020 2.020 2.030 2.020 2.010 2.010 2.000
0.875 2.047 2.041 2.050 2.050 2.060 2.060 2.050 2.050 2.040 2.050
0.942 2.067 2.067 2.070 2.080 2.080 2.080 2.070 2.070 2.070 2.070
1.000 2.073 2.079 2.072 2.102 2.110 2.110 2.100 2.080 2.080 2.070
1.051 2.090 2.090 2.102 2.120 2.130 2.130 2.120 2.100 2.090 2.090
1.096 2.130 2.113 2.121 2.140 2.160 2.160 2.140 2.120 2.110 2.130
1.138 2.159 2.160 2.140 2.150 2.170 2.180 2.150 2.140 2.260 2.160
1.176 2.185 2.190 2.162 2.170 2.190 2.190 2.170 2.160 2.190 2.190
1.210 2.208 2.210 2.200 2.180 2.200 2.200 2.180 2.200 2.210 2.210
1.243 2.229 2.230 2.230 2.200 2.210 2.210 2.210 2.230 2.230 2.230
1.273 2.258 2.260 2.270 2.240 2.220 2.220 2.240 2.270 2.260 2.260
1.301 2.269 2.270 2.280 2.270 2.240 2.240 2; 700 2.280 2.270 2.270
1.397 2.319 2.320 2.330 2.330 2.330 2.330 2.330 2.330 2.320 2.320
1.477 2.360 2.360 2.370 2.380 2.380 2.390 2.380 2.270 2.360 2.360
1.602 2.425 2.430 2.430 2.440 2.450 2.450 2.440 2.430 2.430 2.430
1.698 2.470 2.470 2.480 2.490 2.490 2.500 2.490 2.480 2.470 2.470
1.778 2.514 2.520 2.520 2.530 2.540 2.540 2.530 2.520 2.520 2.510
1.845 2.547 2.550 2.560 2.560 2.570 2.570 2.560 2.560- 2.550 2.550
1.903 2.574 2.570 2.580 2.590 2.600 2.600 2.590 2.580 2.570 2.570
2.000 2.627 2.630 2.630 2.640 2.640 2.640 2.640 2.630 2.630 2.630
2.041 2.648 2.650 2.650 2.670 2.672 2.670 2.670 2.650 2.650 2.650
2.079 2.666 2.670 2.670 2.680 2.686 2.690 2.680 2.670 2.670 2.670
2.146 2.703 2.710' 2.710 2.750 2.750 2.730 2.750 2.710 2.710 2.700



TABLE - 4.1 C(II)

(FOR KBr)

QUENCHING TEMPERATURE = 473°K

*->‘-'6 J. A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=8Q° A=90°

0.097 1.737 1.740 1.744 1.740 1.737 1.737 1.740 1.744 1.744 1.740
0.397 1.840 1.840 1.850 1.850 1.850 1.855 1.850 1.850 1.850 1.840
0.574 1.910 1.910 1.910 1.920 1.930 1.930 1.920 1.910 1.890 1.910
0.698 1.932 1.940 1.940 1.970 1.968 1.968 1.970 1.940 1.944 1.940
0.795 1.985 1.980 1.987 2.010 2.008 2.010 2.010 1.987 1.970 1.985
0.875 2.010 2.005 2.020 2.050 2.037 2.037 2.050 2.020 2.007 2.020
0.942 2.030 2.028 2.030 2.070 2.062 2.070 2.070 2.030 2.028 2.030
1.000 2.060 2.060 2.080 2.090 2.104 2.100 2.090 2.080 2.060 2.060
1.051 2.099 2.102 2.102 2.113 2.126 2.110 2.104 2.102 2.102 2.090
1.090 2.130 2.129 2.121 2.130 2.144 2.140 2.130 2.121 2.129 2.140
1.138 2.156 2.162 2.134 2.140 2.162 2.145 2.140 2.134 2.162 2.150
1.176 2.184 2.182 2.179 2.180 2.170 2.158 2.180 2.179 2.182 2.180
1.210 2.204 2.209 2.202 2.203 2.185 2.204 2.203 2.207 2.209 2.200
1.243 2.220 2.214 2.215 2.219 2.214 2.214 2.219 2.219 2.214 2.220
1.273 2.235 2.237 2.228 2.231 2.240 2.240 2.231 2.230 2.237 2.235
1.301 2.249 2.255 2.249 2.251 2.257 2.251 2.250 2.241 2.255 2.249
1.397 2.300 2.307 2.298 2.310 2.319 2.257 2.310 2.298 2.307 2.308
1.477 2.340 2.334 2.343 2.350 2.360 2.350 2.350 2.343 2.334 2.340
1.602 2.405 2.410 2.400 2.420 2.423 2.423 2.420 2.400 2.410 2.400
1.698 2.457 2.461 2.463 2.466 2.470 2.470 2.466 2.463 2.461 2.450
1.778 2.508 2.508 2.506 2.506 2.506 2.506 2.506 2.506 2.508 2.508
1.845 2.531 2.534 2.541 2.543 2.546 2.546 2.543 2.541 2.534 2.530
1.903 2.563 2.562 2.567 2.567 2.569 2.569 2.567 2.567 2.562 2.563
2.000 2.619 2.623 2.618 2.625 2.629 2.629 2.625 2.618 2.623 2.619
2.041 2.632 2.635 2.633 2.650 2.650 2.650 2.650 2.633 2.635 2.632

2.079 2.661 2.661 2.653 2.669 2.664 2.664 2.669 2*657 2.661 2.661
2.146 2.694 2.700 2.695 2.697 2.697 2.697 2.697 2.695 2.705 2.694



TABLE - 4.1 C(III)

(FOR KBr)

QUENCHING TEMPERATURE = 573°K

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.740 1.737 1.741 1.740 1.750 1.750 1.750 1.740 1.740 1.737
0.397 1.870 1.870 1.880 1.880 1.880 1.880 1.870 1.870 1.870 1.870

0.574 1.950 1.950 ,1.950 1.970 1.970 1.970 1.960 1.960 1.960 1.960

0.698 1.970 1.970 1.970 1.980 1.980 1.980 1.970 1.970 1.965 1.965
0.795 1.990 1.990 1.8§0 2.000 2.030 2.040 2.000 2.010 1.990 1.990
0.875 '2:020 2.030 2.020 2.040 2.040 2.035 2.020 2.030 2.030 2.020
0.942 2.050 2.050 2.060 2.055 2.050 2.060 2.050 2.060 2.050 2.040
1.000 2.090 2.090 2.100 2.100 2.110 2.110 2.095 2.095 2.095 2.090
1.051 2.120 2.120 2.130 2.135 2.140 2.140 2.140 2.120 2.120 2.110
1.096 2.140 2.140 2.150 2.140 2.155 2.155 2.150 2.150 2.140 2.135
1.198 2.170 2.165 2.160 2.170 2.175 2.180 2.170 2.160 2.165 2.165
1.176 2.200 2.210 2.210 2.230 2.240 2.240 2.230 2.210 2.210 2.200
1.210 ‘27205 2.205 2.205 2.240 2.250 2.250 2.203 2.204 2.204 2.205
1.243 2.250 2.250 2.250 2.260 2.270, 2.270 2.260 2.250 2.250 2.250
1.273 2.260 2.260 2.270 2.270 2.280 2.280 2.270 2.260 2.260 2.260
1.301 2.270 2.280 2.280 2.290 2.300 2.300 2.290 2.290 2.280 2.270
1.397 2.310 2.324 2.328 2.339 2.349 2.349 2.336 2.333 2.323 2.316
1.477 2.360 2.350 2.370 2.380 2.390 2.390 2.370 2.370 2.360 2.360
1.602 2.405 2.410 2.400 2.420 2.423 2.420 2.420 2.400 2.400 2.410
1.698 2.480 2.457 2.461 2.460 2.470 2.480 2.475 2.467 2.460 2.450
1.778 2.530 2.530 2.540 2.540 2.540 2.545 2.530 2.530 2.530 2.520
1.845 2.550 2.550 2.560 2.560 2.570 2.570 2.560 2.550 2.550 2.540
1.903 2.570 2.575 2.580 2.580 2.580 2.575 2.580 2.570 2.570 2.570
2.000 2.620 2.620 2.625 2.630 2.630 2.630 2.625 2.620 2.620 2.610
2.041 2.640 2.640 2.645 2.650 2.650 2.660 2.660 2.650 2.640 2.640
2.079 2.670 2.670 2.680 2.680 2.680 2.680 2.675 2.670 2.670 2.670
2.146 2.690 2.700 2.710 2.700 2.720 2.720 2.730 2.710 2.700 2.690



TABLE - 4.1 C(IV)

(FOR KBr)

QUENCHING TEMPERATURE = 673°K

Log d
Log P --------------------------------------- -----------

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.097 1.740 1.740 1.742 1.750 1.750 1.745 1.742 1.743 1.740 1.757
0.397 1.870 1.870 1.870 1.850 1.880 1.880 1.880 1.870 1.870 1.870
0.574 1.950 1.950 1.960 1.970 1.970 1.980 1.960 1.960 1.950 1.950
0.698 1.970 1.975 1.975 1.980 1.980 1.985 1.975 1.970 1.970 1.965
0.795 1.990 2.000 2.000 2.010 2.040 2.030 2.010 2.000 2.000 1.990
0.875 2.070 2.030. 2.040 2.040 2.045 2.045 2.030 2.030 2.020 2.020
0.942 2.050 2.050 2.060 2.060 2.065 2,065 2.055 2:050 2.050 2.050
1.000 2.100 2.110 2.110 2.130 2.140 2.130 2.120 2.110 2.110 2.100
1.051 2.140 2.140 2.145 2.150 2.160 2.160 2.140 2.140 2.130 2.130
1.096 2.150 2,150 2.155 2.160 2.170 2.170 2.160 2.150 2.150 2.140
1.138 2.170 2.170 2.170 2.175 2.180 2.185 2.190 2.175 2.175 2.170

1.176 2.200 2.220 2.220 2.230 2.240 2.240 2.230 2.220 2.220 2.210
1.210 2.210 2.215 2.220 2.240 2.260 2.260 2.240 2.230 2.220 2.210
1.243 2.260 2.270 2.270 2.280 2.280 2.285 2.265 2.265 2.260 2.260
1.275 2.280 2.285 2.285 2.290 2.290 2.230 2.230 2.290 2.280 2.280
1.301 2.290 2.290 2.290 2.230 2.310 2.310 2.300 2.300 2.290 2.290
1.397 2.325 2.310 2.330 2.350 2.350 2.350 2.340 2.330 2.330 2.320
1.477 2.365 2.315 2.370 2.390 2.390 2.390 2.380 2.370 2.370 2.360
1.602 2.411 2.440 2.450 2.465 2.460 2.460 2.470 2.440 2.430 2.440
1.698 2.480 2.480 2.490 2.490 2.510 2.490 2.480 2.480 2.480 2.487
1.778 2.530 2.530 2.550 2.550 2.560 2.560 2.550 2.540 2.540 2.530
1.845 2.560 2.560 2.570 2.570 2.580 2.585 2.570 2.570 2.560 2.560
1.903 2.570 2.575 2.580 2.580 2.595 2.595 2.580 2.580 2.575 2.570
2.000 2.630 2.630 2.630 2.640 2.645 2.645 2.630 2.630 2.625 2.625
2.041 2.640 2.640 2.650 2.670 2.670 2.680 2.680 2.670 2.670 2.650
2.079 2.671 2.673 2.674 2.675 2.675 2.677 2.677 2.675 2.673 2.671
2.146 2.690 2.710, 2.710 2.720 2.720 2.730 2.740 2.720 2.700 2.700



TABLE - 4.1 C(V)
(FOR KBr)

QUENCHING TEMPERATURE - 773°K

Log P

A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80 AA=90°

0.097 1.610 1.592 1.597 1.619 1.623 1.623 1.606 1.610 1.592 1.597
0.397 1.744 1.744 1.744 1.756 1.756 1.759 1.705 1.750 1.744 1.756
0.574 1.830 1.833 1.830 1.841 1.841 1.846 1.841 1.830 1.835 1.835
0.698 1.898 1.896 1.896 1.902 1.909 1.907 1.911 1.898 1.898 1.900
0.795 1.953 1.953 1.959 1.957 1.964 1.962 1.960 1.960 1.953 1.949
0.875 1.998 1.994 1.994 2.001 2.001 2.005 2.005 1.994 1.998 1 .'994
0.942 2.042 2.045 2.038 2.04b 2.048 2.045 2.035 2.038 2.038 2.042
1.000 2.067 2.073 2.073 2.073 2.070 2.079 2.080 2.070 2.064 2.106
1.051 2.090 2.087 2.096 2.104 2.104 2.096 2.096 2.107 2.107 2.115
1.096 2.118 2.123 2.123 2.121 2.129 2.129 2.123 2.121 2.121 2.125
1.138 2.136 2.134 2.139 2.147 2.148 2.144 2.146 2.139 2.134 2.139
2.176 2.154 2.159 2.159 2.164 2.164 2.154 2.154 2.156 2.152 2.152
1.210 2.169 2.174 2.174 2.176 2.178 2.181 2.178 2.174 1.169 1.167
1.243 2.188 2.183 2.188 2.190 2.190 2.190 2.185 2.185 1.181 2.190
1.273 2.201 2.201 2.201 2.206 2.208 2.208 2.209 .2.203 2.203 2.201
1.301 2.219 2.212 2.214 2.219 2.223 2.223 2.219 2.219 2.214 2.212
1.397 2.263 2.269 2.271 2.273 2.273 2.265 2.267 2.263 2.265 2.261
1.477 2.309 2.307 2.311 2.311 2.318 2.318 2.313 2.313 2.309 2.306
1.602 2.375 2.375 2.374 2.377 2.381 2.381 2.378 2.387 2.374 2.374
1.698 2.423 2.423 2.426 2.426 2.431 2.428 2.426 2.426 2.422 2.422
1.778 2.460 2.463 2.463 2.464 2.466 2.468 2.465 2.465 2.460 2.459
1.845 2.494 2.491 2.492 2.494 2.498 2.498 2.494 2.493 2.491 2.491
1.903 2.525 2.527 2.529 2.529 2.530 2.531 2.528 2.528 2.525 2.524
2.000 2.573 2.574 2.574 2.579 2.581 2.581 2.578 2.578 2.576 2.576
2.041 2.596 2.596 2.597 2.597 2.600 2.601 2.598 2.597 2.595 2.594
2.079 2.614 2.615 2.617 2.617 2.619 2.619 2.617 2.615 2.615 2.614
2.146 2.655 2.655 2.656 2.659 2.660 2.661 2.659 2.650 2.654' 2.656



TABLE - 4.1 C(VI)
(FOR KBr)

QUENCHING TEMPERATURE = 873°K

Log P
A=0° A=10° A=20° A=30° A=40° A=50° A=60° A=70° A=80° A=90°

0.090 1.610 1.601 1.610 1.619 1.627 1.627 1.610 1.614 1.610 1.601
0.390 1.750 1.762 1.762 1.775 1.775 1.769 1.766 1.756 1.744 1.744
0.570 1.835 1.836 1.841 1.841 1.846 1.841 1.830 1.825 1.830 1.825
0.690 1.889 1.889 1.893 1.894 1.898 1.893 1.891 1.889 1.889 1.891
0.790 1.934 1.937 1.941 1.941 1.941 1.936 1.932 1.932 1.932 1.928
0.870 1.978 1.976 1.979 1.979 1.987 1.987 1.981 1.979 1.976 1.976
0.940 2.018 2.018 2.025 2.029 2.029 2.030 2.055 2.022 2.018 2.022
1.000 2.049 2.051 2.051 2.056 2.057 2.060 2.057 2.051 2.051 2.045
1.050 2.084 2.086 2.082 2.086 2.091 2.090 2.082 2.079 2.076 2.079
1.090 2.099 2.099 2.097 2.102 2.106 2.104 2.103 2.096 2.099 2.102
1.130 2.119 2.118 2.117 2.121 2.126 2.123 2.123 2.121 2.121 2.118
1.170 2.139 2.144 2.143 2.148 2.148 2.149 2.147 2.144 2.144 2.144
0.210 2.154 2.152 2.154 2.156 2.160 2.160 2.158 2.157 2.157 2.154
1.240 2.177 2.181 2.181 2.187 2.183 2.184 2.181 2.180 2.174 2.174
1.270 2.190 2.190 2.192 2.197 2.199 2.197 2.192 2.192 2.190 2.190
1.300 2.206 2.203 2.202 2.210 2.210 2.212 2.217 2.212 2.210 2.203
1.390 2.258 2.263 2.261 2.263 2.267 2.268 2.265 2.261 2.258 2.259
1.470 2.296 2.300 2.299 2.303 2.302 2.304 2.300 2.300 2.295 2.295
1.600 2.359 2.358 2.363 2.363 2.365 2.366 2.363 2.361 2.361 2.360
1.690 2.410 2.412 2.412 2.411 2.414 2.414 2.415 2.414 2.427 2.411
1.770 2.448 2.450 2.450 2.452 2.452 2.452 2.450 2.449 2.446 2.446
1.890 2.481 2.486 2.483 2.482 2.485 2.485 2.456 2.484 2.482 2.478
1.900 2.512 2.513 2.514 2.515 2.515 2.514 2.513 2.514 2.511 2.511
2.000 2.561 2.562 2.562 2.564 2.565 2.565 2.568 2.563 2.561 2.561
2.040 2.582 2.581 2.582 2.584 2.584 2.585 2.583 2.583 2.581 2.581
2.070 2.605 2.607 2.607 2.608 2.608 2.607 2.605 2.605 2.604 2.604-
2.140 2.647 2.649 2.649 2.648 2.650 2.651 2.651 2.648 2.647 2.647



TABLE - 4.2 A

NaCl
Room Temperature 
Angle = 0°

P in gm d in p Log P Log d d xlO d xl0J (P - W) Log(P-W)

1.25 30.80 0.096 1.488 0.948 0.575 - -

2.50 42.71 0.397 1.630 1.824 1.054 1.184 0.073
3.75 51.91 0.574 1.715 2.695 1.514 2.434 0.386
5.00 58.13 0.698 1.764 3.378 1.867 3.684 0.566

6.25 64.17 0.795 1.807 4.117 2.242 4.934 0.693

7.50 67.62 0.875 1.830 4.572 2.471 6.184 0.791
8.75 74.75 0.942 1.870 ' 5.603 2.984 7.434 0.871 .

10.00 79.98 1.000 1.902 6.394 3.372 8.684 0.938
11.25 84.86 1.051 1.928 7.201 3.765 9.934 0.992
12.50 89.76 1.096 1.953 8.056 4.178 11.184 1.048

13.75 95.06 1.138 1.978 9.036 4.647 12.434 1.094

15.00 103.82 1.176 2.016 10.778 5.472 13.684 1.136

16.25 106.46 1.210 2.027 11.334 5.733 14.934 1.174

17.50 110.16 1.243 2.040 12.135 6.108 16.184 1.209

18.75 115.01 1.273 2.060 13.237 6.621 17.434 1.241

20.00 120.04 1.301 2.079 14.410 7.162 18.684 1.271

25.00 133.70 1.397 2.126 17.875 8.746 23.684 1.374

30.00 147.96 1.477 2.170 21.892 10.554 28.684 1.457

40.00 170.85 1.602 2.232 29.189 13.780 38.684 1.587
50.00 191.80 1.698 2.280 36.787 17.676 48.684 1.687

60.00 208.39 1.778 2.318 43.426 19.915 58.684 1.768

70.00 226.88 1.845 2.355 51.474 23.315 68.684 1.836

80.00 241.31 1.903 2.382 58.230 26.139 78.684 1.895

100.00 269.38 2.000 2.430 72.564 32.054 98.684 1.994

110.00 280.70 2.041 2.448 78.792 34.590 108.684 2.036

120.00 295.80 2.079 2.470 87.497 38.126 118.684 2.079

140.00 316.40 2.146 2.500 100.100 43.195 138.684 2.142

160.00 339.46 2.204 2.530 115.230 49.210 158.684 2.200



Room Temperature 
Angle = 0°

TABLE - 4.2 B 
KC1

p
in gm

d
in

1 og P log d d xlOJ d' ^xl0J (p-w ) 11 og( P-W)

1.25 42.014 0.096 1.623 1.265 1.415
2.5 0 57.016 0.397 1.756 3.250 2.560
3.75 69.358 0.574 1.841 4.810 3.746 1.909 0.280
5.00 81.096 0.698 1.909 6.576 5.074 3.159 0.400
6.25 92.044 0.795 1.964 8.472 6.488 4.409 0.644
7.50 100.230 0.875 2.001 10.046 7.654 5.659 0.752
8.75 111.683 0.942 2.048 12.473 9.443 6.909 0.839
10.00 117.480 1.000 2.070 13.801 10.418 8.159 0.916
11.25 127.057 1 .051 2.102 16.143 12.130 9.409 0.973
12.50 134.648 1.096 2.129 18.130 13.576 10.659 1.027
13.75 140.928 1.138 2.149 19.860 14.832 11.909 1.075
15.00 142.560 1.176 2.154 20.323 15.167 13.159 1.119

16.25 151.705 1.210 2.181 23.014 17.112 14.409 1.158
17.50 156.314 1.243 2.194 24.434 18.136 15.659 1.194
18.75 164.437 .1.273 2.216 27.039 20.010 16.909 1.228
20.00 167.109 1.301 2.223 27.925 20.646 18.159 1.259
25.00 187.499 1.397 2.273 35.155 25.816 23.159 1.364
30.00 207.969 1.477 2.318 43.251 31.567 28.159 .1.449
40.00 240.436 1.602 2.381 57.809 41.833 38.159 1.581
50.00 267.916 1.698 2.428 71.778 51.611 48.159 1.682
60.00 295.801 1.778 2.471 87.498 62.547 58.139 1.764
70.00 316.227 1.841 2.500 99.999 71.202 68.159 1.833
80.00 338.844 1.903 2.530 114.815 81.419 78.189 1.892

100.00 380.189 2.000 2.580 144.543 101.807 98.159 1.991
110.00 399.024 2.041 2.601 159.220 111.825 108.159 2.034
120.00 417.830 2.079 2.621 174.581 122.281 118.159 2.072
140.00 448.745 2.146 2.652 201.372 140.453 138.159 2.140
160.00 486.407 2.204 2.687 236.591 164.235 158.189 2.199



Room Temperature 
Angle = 0°

TABLE - 4.2 C 
KBr

P in gm d in p Log P Log d d xlO d xlO'’ (P - W) LogCP

1.25 48.96 0.09 1.69 2.39 1.337 - -

2.50 68.54 0.39 1.84 4.70 2.490 0.88 -

3.75 81.60 0.57 1.91 6.55 3.440 2.13 0.329
5.00 93.02 0.69 1.97 8.65 . 4.384 3.38 0.529
6.25 102.00 0.79 2.01 10.40 5.198 4.63 6.665
7.50 110.16 0.88 2.05 12.14 5.991 5.88 0.769
8.75 116.68 0.94 2.07 13.61 6.667 7.13 0.853

10.00 118.32 1.00 2.07 13.99 6.841 8.38 0.923
11.25 123.116 1.05 2.09 15.18 7.374 9.63 0.983
12.5 135.05 1.09 2.13 18.24 8.737 10.88 1.030
13.75 144.43 1.14 2.15 20.86 9.893 12.13 1.080

15.00 153.41 1.18 2.19 23.53 .11.060 13.38 1.120

16.25 161.57 1.21 2.21 26.10 12.170 14.63 1.160

17.50 169.73 1.24 2.23 28.81 13.335 15.88 1.200

20.00 186.04 1.30 2.27 34.61 15.800 18.38 1.260

25.00 208.89 1.40 2.32 43.64 19.582 23.38 1.360
30.00 229.29 1.48 2.36 52.58 23.210 28.38 1.450
40.00 266.02 1.60 2.43 70.76 30.620 38.38 1.580
50.00 297.02 1.69 2.47 88.25 37.540 48.38 1.680
60.00 326.40 1.78 2.51 106.54 44.710 58.38 1.760
70.00 352.51 1.85 2.55 124.21 51.550 68.38 1.830
80.00. 375.36 1.90 2.57 140.89 57.900 78.38 1.890

100.00 424.30 2.00 2.63 180.03 72.640 98.38 1.990

110.00 444.70 2.04 2.65 197.75 79.236 108.38 2.030

120.00 464.30 2.08 2.67 215.57 85.817 118.38 2.070

140.00 505.10 2.70 2.70 255.13 100.289 138.38 2.140

W)



TABLE 4.3 A 
NaCl

1. Room Temperature = 303°K

Angl e n^ obs. a^xlO 3 n2 obs. n2 mod- w2 b2xl0 3 a2xl0 3

0 2.366 1.65 1.854 2.00 1.3157 1.4187 3.295
10 2.251 1.9 1.812 2.01 3.458 1.4185 4.1988
20 2.253 1.9 1.801 2.20 5.301 1.3069 4.079
30 2.112 1.85 1.794 2.10 5.310 1.2345 3.8875
40 2.00 2.00 1.223 2.00 6.112 1.1170 5.449
50 2.10 1.95 1.730 2.00 6.115 1.1161 4.952
60 2.115 1.85 1.785 2.110 5.304 1.2345 3.934
70 2.251 1.92 1.785 2.01 6.654 1.3145 4.0612
80 2.253 1.90 1.800 2.00 4.453 1.4185 4.3923
90 2.360 1.60 1.851 2.00 2.456 1.4210 3.5258

2. Quenching Temperature = 473°K
Ang] e n^ obs. a^xlO 3 n2 obs. n2 mod. w2 b2xl0 3 a2xl0 3

0 2.325 1.685 1.843 2.1 1.425 1.4055 3.537
10 2.250 1.858 1.821 2.102 2.568 1.4406 3.993
20 2.301 1.951 1.801 2.00 4.851 1.3703 4.2719
30 2.157 1.923 1.775 1.98 5.441 1.2579 4.4765
40 2.10 1.945 1.701 1.98 5.616 1.1166 6.341
50 2.05 1.945 1.700 2.01 6.010 1.1736 6.0812
60 2.185 1.915 1.784 2.00 5.335 1.2649 4.159
70 2.311 1.920 1.800 2.00 4.725 1.3036 4.005
80 2.30 1.800 1.821 2.100 4.01 1.3914 3.993
90 2.355 1.705 1.840 2.100 2.518 1.4406 3.7505



Contd.Table-4.3 A
3. Quenching Temperature = 573°K
Angl e n^ obs a^xlQ 3 n2 obs. n£ mod w2 b2xl0 3 a2xl0 3

0 2.335 1.70 1.861 2.12 1.325 1.5812 3.197
10 2.301 1.721 1.811 2.02 1.998 1.4758 4.0618
20 2.221 1.632 1.790 2.00 3.861 1.4898 4.654
30 2.220 1.953 1.800 2.01 4.441 1.3633 4.0047
40 2.185 1.983 1.774 2.05 5.448 1.3001 4.4125
50 2.180 1.981 1.770 2.05 5.401 1.222 4,4752
60 2.250 1.964 1.801 2.00 5.00 1.2509 3.928
70 2.314 1.851 1.790 2.00 3.991 1.3703 4.512
80 2.305 1.731 1.800 2.01 2.158 1.539 4.509
90 2.338 1.700 1.851 2.10 1.64 1.6022 3.563

4. Quenching Temperature = 673°K

Angl e n^ obs. a^xlO 3
ri2 obs n2 mod- v?2 b2xl0 3 a2xl0 3

0 2.44 1.750 1.8478 2.095 2.611 1.546 3.804
10 2.35 1.740 1.8371 2.04 2.549 1.4213 3.670
20 2.285 1.841 1.837 2.001 4.635 1.4758 3.547
30 2.275 1.891 1.800 2.00 4.385 1.4055 4.1466
40 2.20 1.92 1.798 1.98 6.311 1.3036 3.999
50 2.19 1.91 1.800 2.00 5.55 1.3268 3.973
60 2.290 1.885 1.812 2.05 4.394 1.4055 3.9167
70 2.345 1.854 1.8411 1.986 4.635 1.5756 3.9226
80 2.40 1.790 1.8400 2.00 2.540 1.6079 3.665
90 2.45 1.720 1.8519 2.01 2.554 1.6247 3.6366



Confcd...Tab!e - 4.3 A 
5. Quenching Temperature = 773°K

Angl e n^ obs a1xl0-3 n2 obs. n2 mod. w2

b2xl° 3 a2xl0 3

0 2.30 1.74 1.864 1.924 2.845 1.577 3.2996
10 2.25 1.738 1.821 2.101 2.662 1.608 4.1811
20 2.378 1.780 1.774 2.00 3.841 1.4364 5.305
30 2.178 1.885 1.8292 2.00 3.745 1.4506 3.7885
40 2.14 1.890 1.811 1.99 4.012 1.3521 3.9387
50 2.14 1.889 1.799 2.01 4.414 1.3271 4.0932
60 2.185 1.800 1.830 2.01 4.011 1.3688 3.6708
70 2.310 1.794 1.847 2.00 3.994 1.3694 3.541
80 2.30 1.745 1.824 1.98 3.845 1.568 4-. 146
90 2.325 1.740 1.805 2.00 2.581 1.5359 3.4103

6. Quenching Temperature = 873°K

Angl e n^ obs. a1xl0 3
ri2 obs. n2 mod w2

b2xlO~3 a2xlO~3

0 2.312 1.775 1.852 2.00 1.99 1.6075 3.728
10 2.30 1.721 1.827 1.99 2.75 1.485 4.2188
20 2.28 1.818 1.819 2.00 1.848 1.484 4.323
30 2.27 1.820 1.778 2.015 2.667 1.4677 5.1184
40 2.18 1.900 1.779 2.017 3.754 1.3966 4.9118
50 2.185 1.891 1.812 2.010 3.441 1.3791 4.1179
60 2.30 1.827 1.847 2.00 2.616 1.4669 3.4392
70 2.285 1.754 1.843 1.99 2.112 1.5089 3.6878
80 2.310 1.761 1.857 2.00 2.665 1.6051 3.5535
90 2.341 1.772 1.864 2.01 2.000 1.6247 3.4684



TABLE 4.3 B
KC1

1. Room Temperature = 303°K
'Ang]e obs. a^xlO ^ n2 obs. n2 mod. w2 b2xl0 3 a2xl0 3

0 2.335 3.651 1.941 2.010 1.841 0.7556 1.1463
10 2.330 . 3.701 1.864 2.001 2.224 0.7871 1.9169
20 2.291 4.102 1.774 1.994 3.338 0.7417 2.9759
30 2.270 4.341 1.825 2.000 3.141 0.7109 2.1452
40 2.154 4.619 1.8289 1.995 2.851 0.6144 1.8401
50 2.150 4.624 1.854 2.000 2.991 0.5982 1.6884
60 2.190 4.452 1.827 2.000 3.008 0.6428 2.1194
70 2.285 4.202 1.785 1.9841 2.985 0.7209 3.3303
80 2.334 3.808 1.844 2.006 1.771 0.7185 2.079
90 2.335 3.775 1.901 2.001 1.651 0.7756 1.5708

2. Quenching Temperature = 473°K

Angl e n^ obs. a^xlO ^ n2 obs. n2 mod. w2 b2xl0“3 a2xl0 3

0 2.341 3.884 1.8492 2.0014 1.665 0.7438 2.0536
10 2.310 4.1814 1.8511 2.011 1.958 0.7205 2.0194
20 2.281 4.3645 1.779 2.001 2.011 0.7738 2.8767
30 , 2.221 4.571 1.767 1.999 2.5851 0.6996 2.822
40 2.154 4.7614 1.7592 1.987 2.6651 0.0944 2.841
50 2.141 4.771 1.7600 1.998 2.7191 0.6759 2.6339
60 2.159 4.7551 1.8112 2.000 2.3535 0.6197 2.1537
70 2.245 4.1619 1.8338 2.000 1.9979 0.7730 2.0411
80 2.300 40991 1.8585 2.023 1.9691 0.7842 1.7859
90 2.338 3.8981 1.8601 2.011 1.8854 0.7354 1.8424



Contd. Table - A.3 B 
3. Quenching Temperature = 573°K

Angl e n^ obs. a^xlO ^ n2 obs. n2 mod. w2
b2xl0 3 a2xl0 3

0 2.285 3.8614 1.8541 1.901 2.015 0.7495 1.9705
10 2.315 4.1975 1.8604 1.992 2,1859 0.7791 1.9644
20 2.211 4.3505 1.8100 2.015 1.6691 0.7166 2.5229
30 2.194 4.544 1.8015 2.000 1.8585 0.7629 2.6559
40 2.144 4.8919 1.7918 2.1515 2.8841 0.7021 2.4545
50 2.155 4.8836 1.7765 2.0014 2.9141 0.7040 2.728
60 2.241 4.6741 i 11.8119 2.000 2.0189 0.765 2.4041
70 2.265 4.150 1.8238 1.9901 2.0559 0.7868 2.3639
80 2.310 4.1515 1.8665 2.000 1.6197 0.8572 1.9413
90 2.334 3.8836 1.8615 2.000 2.0158 0.8446 1.6855

4. Quenching Temperature = 673°K

Ang] e n^ obs. a^xlO ^ n2 obs. n2 mod. w2
b2xl0 3 a2xl0“3

0 2.3015 3.8236 1.8781 2.0001 1.9600 0.8071 1.7674
10 2.2185 3.8861 1.8661 2.0109 2.0178 0.772 1.7747
20 2.3341 4.3761 1.8231 1.9971 2.3451 0.7429 2.2246
30 2.2008 4.5138 1.7919 1.9910 2.0851 0.7162 2.5378
40 2.1741 4.7515 1.7898 2.0110 3.4141 0.7253 2.479
50 2.1661 4.8048 1.7816 2.1047 2.8561 0.6926 2.6206
60 2.2101 4.4671 1.7901 2.000 2.8617 0.7158 2.6019
70 2.2857 4.2161 1.8231 1.9085 1.9861 0.7910 2.264
80 2.3319 4.0373 1.8717 2.0018 2.6017 0.7703 1.7881
90 2.3137 3.831 1.8691 2.000 2.0101 0.7973 1.8696



Contd...Table - 4.3 B 
5. Quenching Temperature = 773°K

Angel n^ obs. axxl0"4 n2 obs. r\2 mod. w2 b2xl0~3 a2xl0 3

0 2.3159 3.3411 1.8666 2.000 2.2859 0.8827 2.1024
10 2.2008 3.8564 1.8650 2.0101 3.0101 0.8516 2.0548
20 2.2818 4.1241 1.7979 2.1000 2.8619 0.8543 3.0146
30 2.2119- 4.3151 1.8118 1.9980 3.3901 0.8266 2.6798
40 2.1919 4.4147 1.7517 1.9900 3.4010 0.7825 3.5024
50 2.2010 4.4275 1.7719 2.000 3.909 0.7882 3.1921
60 2.2219 4.3717 1.7918 2.0001 2.7918 0.8262 2.9701
70 2.3131 4.1575 1.8019 2.0212 2.500 0.8486 2.8824
80 2.3231 3.7156 1.8481 1.9985 1.9856 0.8676 2.6301

. 90 2.3219 3.3311 1.8666 1.9901 2.2561 0.8898 2.0613

6. Quenching Temperature = 873°K

Angl e n^ obs. a^xlO 4 r\2 obs. n2 mod. w2 * b2xl0 3 a2xl0 3

0 2.3361 3.991 1.9101 2.010 1.9561 0.9358 1.6934
10 2.3131 4.117 1.8919 2.000 1.9516 0.9259 1.8489
20 2.2979 4.4171- 1.8781 1.9985 2.3434 0.9149 1.9674
30 2.3001 4.441 1.7971 2.000 3.0019 0.9035 3.0338
40 2.1981 4.9159 1.7674 2.000 4.1010 0.8399 3.549
50 2.1771 5.001 1.7512 .2.0101 3.8561' 0.8424 3.8684
60 2.2724 4.334 1.7949 2.000 2.8661 0.8564 3.000
70 2.3010 4.2115 1.8384 1.9919 2.5158 0.9036 2.4314
80 2.3232 4.127 1.8719 1.9990 2.1669 0.935 2.1017
90 2.3435 3.8141 1.8981 2.000 1.9961 0.9363 1.8381



TABLE 4.3 C
KBr

1. Room Temperature = 303°K

Angl e n^obs. alX10 4 n2 obs n2 mod- w2 b2xl0 3 32x10 3

0 2.417 2.001 1.850 2.1460 1.6167 0.5939 1.5754
10 2.317 2.0151 1.800 2.0000 1.9975 0.5635 2.0345
20 2.246 2.1575 1.840 2.0000 1.5165 0.5314 1.5028
30 2.309 2.2140 1.7910 1.9985 3.0851 0.486 1.774
40 2.225 2.4171 1.7516 1.9900 2.6160 0.4411 2.203
50 2.301 2.5017 1.7476 2.00Q2 2.1178 0.4452 2.2045
60 2.301 2.3015 1.7756 1.9817 2.3431 0.492 1.9625
70 2.335 2.2017 1.8661 1.9990 2.6178 0.5353 1.2705
80 2.330 -2.0100 1.8674 2.0102 3.1518 0.5662 1.3822
90 2.400 2.0004 1.8644 2.0000 1.6597 0.6055 1.4473

2. Quenching Temperature = 473°K

Ang] e n^ obs. a^xlO 4 n2 obs. n2 mod- w2 b2xl0~3 a2xl° 3

0 2.386 1.9571 ,1.8671 2.000 2.018 0.6396 1.6022
10 2.351 1.978 1.8481 2.1351 0.9575 0.5985 1.7548
20 2.221 2.0441 1.8386 2.000 1.6718 0.5565 1.8338
30 2.251 2.1416 1.7964 1.9971 2.3536 0.4925 2.0576
40 2.200 2.3141 1.7878 1.9971 2.5000 0.4913 2.0005
50 2.2015 2.3476 1.7769 1.9900 2.7600 0.4919 2.1706
60 2.3010 2.2070 1.7964 2.000 3.1819 0.5329 2.1097
70 2.3131 2.1970 1.8461 2.0201 1.7178 0.5353 1.5352
80 2.3675 2.0100 1.8481 2.0500 2.1561 0.6325 1.7555
90 2.3868 1.9676 1.8648 2.000 2.0185 0.6467 1.6327



Contd...Tabl e-4.3 C 
3. Quenching Temperature = 573°K
Angl e n^ obs. a^xlO ^ n2 obs. a2 mod- w2 b2xl0 3 a2xl0“3

0 2.3856 1.9784 1.8601 2.100 0.9161 0.5900 1.5043
10 2.2917 1.9971 1.8515 2.000 1.3875 0.5693 1.5568
20 2.3015 2.2185 1.8220 1.9910 1.2000 0.5563 1.8201
30 2.1567 2.3575 1.7875 1.9960 2.415 0.5271 2.1748
40 2.2000 2.4141 1.7791 2.0101 2.1861 0.4446 1.7801
50 2.2019 2.4561 1.7791 2.000 2.5315 0.4452 1.7388
60 2.2875 2.3275 1.7875 1.9978 1.9917 0.4913 1.8442
70 2.8161 2.1895 1.8390 1.9900 1.8865 0.4919 1.4863
80 2.3567 2.1015 1.8515 2.000 2.6371 0.5069 1.5183
90 2.4000 1.9974 1.8505 2.000 3.0000 0.5753 1.5492

4. Quenching Temperature = 673°K

Angl e n^ obs. a^,xl0 ^ n2 obs- n2 mod. v?2 b2xl0"3 a2xl0-3

0 2.3361 1.9978 1.8310 2.000 1.1585 0.562 1.7128
10 2.3431 2.0818 1.8500 2.0101 1.3900 0.5142 1.4196
20 2.2285 2.1518 1.8308 1.9910 1.8518 0.5081 1.5305
30 2.2148 2.3714 1.8000 2.000 2.0180 0.4311 1.6943
40 2.1785 2.6461 1.7791 2.000 2.5000 2.4296 1.7284
50 2.200 2.6560 1.7791 2.011 2.1916 0.4042 1.7301
60 2.3017 2.3518 1.8010 1.990 2.750 0.4311 1.6422
70 2.3136 2.1878 1.8410 2.1040 1.9516 0.4861 1.4504
80 2.3317 2.0818 1.8586 2.000 1.8616 0.519 1.3394
90 2.3400 2.0158 1.8310 2.000 1.1690 0.5541 1.7128



Contd...Table-4.3 C 
5. Quenching Temperature = 773°K

Angl e n^ obs. alx10"4 n2 obs. n2 mod. w2 b2xl0 3 a2xl0 3

0 2.401 2.0178 1.8551 2.0000 1.7561 0.6723 1.7917
10 2.3386 2.1781 1.8431 1.9900 2.0517 0.6477 1.7917
20 2.3561 2.2240 1.8265 2.0101 0.9567 0.6294 1.9287
30 2.2861 2.3815 1.7961 2.0000 1.0000 0.5752 2.1796
40 2.2190 2.4171 1.7756 2.1050 2.3585 0.5353 2.2928
50 2.2200 2.4181 1.7756 1.9985 2.3561 0.5382 2.2192
60 2.3010 2.3675 1.8000 2.0000 3.0000 0.5777 2.046
70 2.3561 2.2017 . 1.8265 2.0000 1.8757 0.6294 1.8893
80 2.3671 2.1818 1,8540 1.9990 .2.0171 0.6484 1.388
90 2.401 2.0171 1.8551 2.0000 1.7600 0.6793 1.7917

6. Quenching Temperature = 873°K

Angl e n^ obs. a^xlO ^ n2 obs. n2 mod- w2 b2xl0 3 a2xl0 3

0 2.421 2,1185 1.8715 2.000 1.3251 0.746 1.1555
10 2.3135 2.2275 1.8281 2.000 2.050 0.7254 2.0927
20 2.3090 2.3174 1.7917 1.999 2.1600 0.6920 2.4482
30 2.2896 2.5565 1.7784 2.000 2.8500 0.6395 2.5604
40 2.2500 2.6171 1.7680 2.0101 2.900 0.6017 2.660
50 2.2500 2.6167 1.7680 2.0101 3.003 0.6017 2.660
60 2.3000 2.5717 1.7891 2.000 2.085 0.6491 2.4558
70 2.3172 2.4015 1.7990 1.999 2.1050 0.7248 2.3535
80 2.3340 2.2851 1.8391 2.000 1.9616 0.741 1.9928
90 2.4100 2.1160 1.8685 2.000 2.000 0.746 1.7836



TA
BL

E
 - 

4.
4

1.
18

5
1.

14
89

1.
08

7
| 1.

11
36

1.
09

15
1.

06
89 06

o<rooo

o

00
00
00

o 0.
85

85 ooav
o 0.

92
55

0.
90

,8
7

,1
31

1
,1

21
9

CMn.o 09
09

07
98

05
47

o00
<rmO'

00
f\CNJON CO

tH
coON

tH
oo
CNJ

ON 90
30

tH tH tH tH tH /V o o o o o o
.1

31
1

.1
27

3
.0

76
2

.0
65

9 m
00
o .0

43
3

o .9
64

.9
89

6
.9

34
8 vOor-^<T> .9

54
3

.8
99

4

T—i tH tH tH tH tH o o o O o o

.0
62

8
.0

65
8 LPivO

O

ONo<±o .0
25

8
.0

50 ovO

vOcr>
CMov .9

87
1 ONtH

ONON

ONNOCO
ON

r^.»nON

ONvOCOON
tH T-i tH tH tH rl o o o o o o

1.
05

5 Ooo
tH 1.

01
39

0.
99

54
1.

00
46

0.
99

77

oU~1 0.
97

98
1.

00
25

1.
00

05
i 1

.0
00

1.
00

47
0.

96
97

!

oo
ooo

ooo oo
ooo

ooo *n ooo
ooo

ooo
ooo

ooo
ooo

tH tH tH T—i tH tH Q) tH t—i tH tH tH tH

omoo

mMfCM

O 01
62

Oo
vO<roo 99

54 otH
cd

cc<

&

oLOoo 00
25 mtH

oo 00
52 cnmoo 97
43

tH tH T-i tH tH o tH tH tH T-i tH tH o

1.
06

13
1.

05
21

1.
03

25
1.

03
40

1.
02

25
1.

03
65

oco

0.
92

64
0.

99
12

0.
98

63
0.

99
05

1.
00

26
0.

93
33

1.
13

21
1.

12
2

1.
03

30
1.

03
86

1.
08

82
1.

04
10

V
s A 

gr
ap

h oCM

0.
95

47
1.

00
56

0.
82

42
0.

96
38

0.
94

68
0.

93
23

1.
13

11
1.

09
75

1.
07

02
1.

06
8

1.
05

63
1.

05
02

o

0.
95

47
0.

95
77

0.
86

91

6016*0 0.
92

44
0.

88
25

.1
85

9
.1

31
7

.0
83

7

ONotH .0
79 mo

tH

cd
o

tH
a-vCM
00

ONmNO00
m00
moo

CNJ

VOtH
ON

mmCslON .9
10

2

tH tH tH tH ■H T-i

2.
 From o o o o o o

R
.T

.
47

3 co

«n

CO

\D

CO
r^.

CO
r0̂0

ex
e
oH

H
PS

CO CO
r">.
in

CO
r*-
NO

CO
F'M

co
r^.
05

06

80
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
- A

ri
el

 e
 ----

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
--

10
 

20
 

30
 

40
 

45
 

50
 

60
 

70

0

Te
mp

,

nl/
n1

0
N

aC
l

 ̂Vs
 A 

gr
ap
h

u

Fr
om



C
on

td
...

 Ta
bl

e-
4.

4 
3.

 From
 : n

9 Vs 
A gra

ph

06

0.
60

84
0.

59
81

0.
80

24
0.

90
91

0.
85

68
.0

.7
19

5

80

0.
75

72
0.

63
68

1.
01

55
0.

91
62

1.
04

17
1 0

.7
37

2

70

0.
70

03
0.

63
87

1.
01

62

9086*0 0.
88

96
0.

76
51

09

0.
68

17
0.

66
33

0.
88

46
0.

97
91

0.
92

23
0.

71
35

i

oin

0.
89

37
0.

96
98

1.
00

79
0.

99
32

1.
02

84
0.

84
1

e
r-

cc<

D

i

a

45

1.
00

0 ooo
T~i 1.

00
0 ooo

ooo
rH

ooo
T“i

40
1...

...
.. 

....
!

0.
93

94
1.

01
13

0.
99

38
0.

99
97

0.
98

96
1.

01
90

30
... 0.

67
02

0.
71

39

6X
06*0 1.

03
66

0.
95

18

6X
90 * X

oCM

0.
70

32
0.

68
13

1.
04

81 UD0000
o 1.

34
42

8968*0

10
---

---
---

---
--

1

0.
72

39
0.

63
68

0.
19

48
0.

91
75

1.
05

05
0.

87
52

o
00
m
o 0.

56
2

0.
72

0
0.

95
1 0000CM

00
o 0.

77
34

c
b

X

-< R
.T

.
47

3

57
3

67
3

77
3

87
3

a2
^a

20
4.

 From
 : &

2 
A gra

ph

1.
08

24 00

00

o
r-H 1.

05
77

1.
06

43
1.

04
77

1.
04

13

1.
05

26
1 

.,0
77

5

1.
02

85
1.

05
74

1.
02

47
1.

03
74

1.
04

38
1.

06
50

1.
02

28
1.

05
81

1.
03

76
1.

02
96

1.
04

38
1.

05
6

1.
02

91
1.

04
13

1.
02

80
1.

03
18

1.
01

16
1.

00
59

1.
01

14
1.

03
44

1.
01

06
1.

01
22

oo
r-i 1.

00

ooo
tH 1.

00
0

1.
00

1.
00

0

1.
00

76
1.

00
65

1.
01

37
1.

03
33

1.
01

74
0.

99
38

1.
04

91
1.

05
02

1.
02

85
1.

03
44

1.
02

76
0.

99
32

1.
05

31
1.

06
56

1.
02

28
1.

05
57

0.
99

66
1.

01
62

1.
05

96
1.

05
75

1.
03

48
1.

05
5

1.
02

3
1.

02
06

00

T-l

00

o
T-t

r>.00
00

o

1.
06

2
1.

05
7

1.
04

4
1.

03
3

R
.T

.
47

3
57

3

67
3

77
3

87
3

06

80
---

---
---

---
---

---
---

---
---

---
---

---
---

---
---

--
 An

gl
e -

---
---

---
---

---
---

---
---

---
---

---
---

---
---

---
-

10
 

20
 

30
 

40
 

45
 

50
 

60
 

70

0

Te
m

p.

n2
^n

20



C
on

td
...T

ab
le

-4
.4

5.
 From

 : b
« Vs 

A
 grap

h

0.
39

61
0.

41
96

0.
29

81
|0

.4
18

6
0.

57
35

0.
55

55

0.
71

82
0.

66
83

0.
39

23
0.

41
63

0.
85

44
0.

74
02

1.
07

32
0.

78
75

0.
72

56
0.

75
98

0.
88

75
0.

58
66

0.
85

54 T—1ON

0000
o

0606*0 0.
72

03
0.

89
13

0.
72

16
i__

__
__

__
__

__
__

_

0.
98

62
1.

00
16

0.
98

2
0.

90
98

0.
98

08
0.

95
58

000*1

ooo•
V~1 1.

00
0

1.
00

0
1.

00
0

1.
00

0

0.
98

58
0.

93
6

0.
99

05
1.

03
45

0.
89

15
1.

04
27

0.
85

64
0.

90
68 r-'.

oCO

o 0.
71

88
0.

83
22 00o

o

0.
85

5
0.

80
85

0.
70

2
0.

75
98

0.
85

35
0.

51
33

0.
55

77
0.

42
8

0.
36

32 00
T—i

O 0.
59

15
0.

76
38

0.
21

12
0.

23
75

0.
24

09
0.

42
80

0.
63

22
0.

55
27

a$ 47
3

57
3

67
3

77
3

87
3

06

80
---

---
---

---
---

---
---

---
---

---
---

---
---

-—
 An

gl
 e

 ---
---

---
---

----
---

---
---

---
---

---
---

---
---

--
10

 
20

 
30

 
40

 
45

 
50

 
60

 
70

Te
m

p.

w
2^

w
20

6.
 From

 : W
£ Vs 

A
 grap

h

1.
28

01
1.

29
78

1.
29

20
1.

24
97

1.
14

61
1.

19
46

1.
27

79
1.

25
35

1.
24

11
1.

23
68

1.
17

01
1.

18
02

1.
18

42
1.

17
44

1.
10

50
1.

21
2

1.
02

19
1.

10
94

1.
11

21
1.

13
95

1.
00

81
1.

08
11

1.
02

14
1.

07
86

1.
00

54
1.

05
72

0.
98

59
1.

02
06

0.
99

03
1.

01
40

1.
00

0 ooo•
r-i

ooo•
r-i 1.

00
0

1.
00

0
1.

00
0

1.
00

63
1.

00
59

1.
04

84 CM

oo
T-i 1.

00
90

1.
02

69

1.
11

21
1.

13
32

1.
09

94
1.

08
11 CM

00o
T—I 1.

07
91

1.
17

73
1.

23
45 r-i

O
CM

r-H 1.
13

52
1.

07
19

1.
09

11

1.
27

79
1.

29
78

1.
19

01
1.

09
33 ooCM

T“l 1.
09

19

1.
27

8
1.

26
6

1.
27

51
1.

18
9

1.
17

16
1.

18
19

R
.T

.
47

3
57

3
67

3
77

3
87

3

06

80
---

---
---

---
---

---
---

---
---

---
---

---
---

---
- A

ng
le

 ---
---

---
---

---
---

---
---

---
---

---
---

---
---

--
10

 
20

 
30

 
40

 
45

 
50

 
60

 
70

Te
m

p,

b2
/b2

0



TA
BL

E

94
16

73
42

65
26

58
86

58
92

47
76

oi o 01 01 o1 o1

-0
.9

32
8

0.
71

24
-0

.6
23

6
-0

.5
63

9
-0

.5
41

8
-0

.4
48

3

rHmON00
oJ- -0

.7
05

9
-0

.6
23

7
-0

.5
47

0
-0

.4
93

0
1 -0

.4
34

6
I__

__
__

__

oor-~00
o -0

.6
46

9
-0

.5
72

1
-0

.5
21

9
-0

.4
71

2
-0

.4
22

2

-0
.8

33
5

-0
.6

46
5

-0
.5

53
1

-0
.4

90
3

-0
.4

65
7

1 -0
.3

59
9

1

-0
.8

54
0

-0
.6

47
4

-0
.5

52
4

-0
.4

95
1

-0
.4

66
9

-0
.3

67
4

6088*0- -0
.6

05
1

-0
.5

84
4

-0
.5

17
5

-0
.4

76
8

-0
.4

11
5

-0
.9

05
5

-0
.6

85
2

-0
.6

03
3

-0
.5

30
9

-0
.4

96
5

-0
.4

13
8

-0
.9

50
2

-0
.7

03
8

-0
.6

25
7

-0
.5

82
4

-0
.5

25
6

-0
.4

44
4

’ -0
.9

56
1

-0
.7

35
8

1

-0
.6

55
1

t

-0
.5

89
5

-0
.5

87
9

-0
.4

57
9

r—i
CO

.6
74

8
.7

58
1 o00CM00 .8

88
1

.9
41

0

06

80
70

09

50
Lo

g a1
 T 

40
 

1 
^

30
20

L
og

 T

TA
BL

E - 
4.

5 B
 

K
C

1

06

-0
.3

14
4

-0
.0

93
4

-0
.0

11
3

0.
06

35
0.

12
87

0.
18

94

A

80
-0

.2
39

0
-0

.0
69

8
-0

.0
03

5 00o00o
o 0.

12
99

0.
18

67

70
-0

.2
35

2'
-0

.0
41

8
0.

02
55

0.
09

61
0.

14
20

0.
18

50

09

-0
.2

51
3

-0
.0

42
9

0.
05

12
0.

10
33

0.
14

34
0.

20
27

om

cr

-0
.2

28
5

-0
.0

36
2

0.
05

50

0601*0 0.
16

44

T”l

CM

o
tr
c

cC
*-

-t
\—i0

o>0 Mt 
3
a -0

.2
17

5
-0

.0
36

2
0.

05
54

0.
11

93
0.

16
46

0.
21

97

30
-0

.2
51

3.
-0

.0
41

1 0000<±

o
o

r-
Mt

oY“i

o 0.
16

34
0.

20
10

20

-2
.3

90
,

-0
.0

34
8

-0
.0

29
1

0.
09

30
0.

13
85

0.
20

06

\

10
-0

.2
39

0'
-0

.0
56

0 0900*0- 0.
06

85
1 0.1

28
2

i

0.
17

67

o

‘ i
oCO

oll -0
.0

98
5

-0
.0

11
3

0.
07

10 r-*

co
CM
T~1

O 0.
19

02

crH

ao

oJ 2.
48

14
2.

67
48

2.
75

81
2.

82
80

 |
2.

88
81

2.
94

10

N
aC

l

V



TA
BL

E

06

1 0.0
29

2

0.
24

89
0.

30
99

! 0.3
88

6
0.

42
09

0.
48

10

/\
o00

1 0.1
24

rH

CN|
o 0.

41
22

0.
39

2
0.

50
58

0.
49

16

70
| 0.0

90
2 sr

04

o 0.
41

25
' 0.42

15
0.

43
73

0.
50

76

09

CM

Or-»O
o 0.

29
38

0.
35

23
 i

00oCM

o 0.
45

28
0.

47
74

cIT

1 0.1
76

2

0.
45

86
0.

40
89

 j
1 0.42

71
0.

50
02

0.
55

56

E-|
c-CO

00o_1

T

o

U
TZ'O

1

orÔh
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TABLE - 4.11 A

VALUES OF eQ, and e2 FOR DIFFERENT ORIENTATIONS

NaCl

Orientation
A

Value of (eg) Value of (e.)-1 ■L xlO J
Value of (e9)-3 L xlO J

0 0.5646 7.7159 1.3465
10 0.4598 9.4855 1.3678
20 0.5384 8.7010 1.3535
30 0.6641 6.4054 1.3568
40 0.8509 3.5028 1.3472
50 0.7349 5.3494 1.3359
60 0.4646 9.5891 1.3447
70 0.8500 1.7994 1.3776
80 0.5937 8.2640 1.3618
90 0.4946 7.7663 1.3828



TABLE - 4.11 B

VALUES OF eQJ e1 and e2 FOR DIFFERENT ORIENTATIONS

KC1

Orientation
A

Value of (Sq) Value of (e1 ) 
xlO z

Value of (e9) 
xlO"4

0 -2.3668 5.3441 6.2887
10 -2.4267 5.3689 6.2782
20 -2.5893 5.6897 6.1366
30 -2.8489 5.6931 6.1449
40 -3.0865 5.8830 6.0503
50 -3.0865 5.8830 6.0503
60 -2.4575 5.2875 6.1558
70 -2.4727 5.5083 6.1995
80 -2.7652 5.6566 6.2014
90 -2.6547 5.4721 6.2956



TABLE - 4.11 C

VALUES OF eQ, e% and e2 FOR DIFFERENT ORIENTATIONS

KBr

Orientation
A

Value of (6q) Value of (e.)-? 1 xlO z
Value of (e0)

1(T4

0 -0.3757 1.6208 5.2039
10 -0.2369 1.5366 5.1766
20 -0.2478 1.5318 5.0873
30 -2.3176 4.5707 4.1646
40 -1.7153 3.7366 4.2745
50 -1.7259 3.7511 4.2567
60 -2.2161 4.4644 4.1820
70 -0.2568 1.4155 5.1112
80 -0.1685 1.4524 5.1951
90 -0.1748 1.4413 5.2329



TABLE - 4.12 A

VALUES OF elANDe2 FROM THE PLOT OF P/d Vs d

NaCl
Orientation e1 x 10 2 e2 x 10 3

0 2.02 1.333
10 2.047 1.310
20 2.157 1.300
30 2.440 1.287
40 2.541 1.266
50 2.557 1.257
60 2.487 1.278
70 2.344 1.307
80 2.147 1.345
90 2.001 1.447

TABLE - 4.12 B
VALUES OF ex AND e2 FROM THE PLOT OF P/d Vs d

KC1
Orientation e^ x 10~2 e2 x 10 ^

0 4.917 7.248
10 5.019 7.018
20 5.307 6.917
30 5.441 6.741
40 5.667 6.189
50 5.601 5.997
60 5.417 6.214
70 5.337 6.707
80 5.337 6.707
90 4.885 7.018



TABLE - 4.12 C

VALUES OF e1 AND e2 FROM THE PLOT OF P/d Vs d

KBr

Orientation e1 x 10“2 e2 x 10 ^

. 0 0.814 5.429
10 1.242 5.286
20 1.00 5.200
30 3.732 5.067
40 4.125 4.935
50 3.981 4.315
60 3.'61 5.098
70 2.91 5.198
80 1.428 5.323
90 ______ ........... ____ IL21A......
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TABLE - 4.14
KBr

(a) P = adn (b) P = eQ- 2i-e^d+e2d
p dobs. dcal . 7o devia. % devia.

1.25 48.96 45.36 -7.94 48.39 -1.18
2.50 68.54 64.49 -6.28 67.01 -2.28
3.75 81.60 79.24 -2.98 81.68 0.09
5.00 93.02 91.70 -1.44 94.19 1.24
6.25 102.00 102.71 0.69 105.28 3.12
7.50 110.16 112.68 2.24 115.35 4.50
8.75 116.68 121.85 4.24 124.63 6.38

10.00 118.32 130.40 9.26 133.28 11.22
11.25 123.22 138.44 10.99 146.05 15.63
12.50 135.05 146.05 7.53 149.14 9.45
13.75 144.43 153.29 5.78 151.26 4.52
15.00 153.41 160.22 4.25 163.22 6.18
16.25 161.57 166.87 3.18 170.25 5.09
17.50 169.73 173.27 2.04 176.74 3.97
18.75 181.15 179.45 -0.95 182.98 0.99
20.00 186.05 185.42 -0.34 189.06 1.59
20.00 186.05 185.42 -0.34 189.06 1.59
25.00 208.90 207.67 -0.59 211.61 1.28
30.00 229.30 227.82 -0.65 232.02 1.17
40.00 266.02 263.65 -0.89 268.29 1.17
50.00 297.02 295.28 -0.59 300.27 1.08
60.00 326.40 323.96 -0.75 329.20 0.85
80.00 375.36 379.92 1.20 380.59 1.37

100.00 424.30 419.91 -1.04 425.88 0.37
110.00 444.70 440.74 -0.89 446.82 0.47 _
120.00 464.30 460.65 -0.79 466.84 0.54
140.00 505.10 498.17 -1.39 504.51 -0.11
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0.5 1.0 1.5
---- > Log(P-W2)

Plot of Log d Vs Log (P-W2) 
Fig.No.: 4.3 c



PLOT OF n1 Vs. A

Fig. 4. 4



PLOT OF n1 Vs. A. 

Fig. 4.4a



PLOT OF ni Vs. A. 

Fig. 4.4b
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PLOT OF a1 Vs. A 

Fig. 4.5a.



PLOT OF a1 Vs. A. 

Fig. 4.5b.



PLOT OF ai Vs. A. 

Fig. 4.5c.



PLOT OF n2 Vs. A. 

Fig. 4.6a.



PLOT OF n2 Vs. A. 

Fig. 4.6 b.



PLOT OF n2 Vs. A. 

Fig. 4.6c.





PLOT OF a2 Vs. A. 

Fig. 4.7b.



PLOT OF a2 Vs. A. 

Fig. 4.7c.
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PLOT OF fc>2 Vs- A- 

Fig. 4.8 a.



PLOT OF b2 Vs. A.

Fig. 4.8b



PLOT OF b2 Vs. A.

Fig. 4.8 c

0



PLOT OF W2 Vs. A. 

Fig. 4.9a.



PLOT OF W2 Vs. A. 

Fig 4.9b.
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Fig. No. : 4.10
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Plot of Log b2 Tq Vs Log TQ

Fig.No.: 4.20 b



Plot of Log b2TQ Vs LoS TQ 
Fig.No.: 4.20 c
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THE CONVENTIONAL UNIT CELL FOR THE SODIUM CHLORIDE 
STRUCTURE.THE LARGE AND SMALL SPHERES REPRESENT 
TWO DIFFERENT TYPES OF ATOMS.

Fig. 4.24
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