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Pressure volume (P-V) calculations of FCC metals (Copper, Silver, Gold, 
Aluminum and Nickel) have been carried out by taking simple two body Kuchhal 
and Das (K. D.) and Morse potential. In case of K. D. potential, the computed 
results of P-V calculations are fairly close with experimental results. At high 
relative volume, the computed results with Morse potential are closely match 
with experimental results but at low relative volume, calculated and experimental 
results are poor match. Our study shows that computed results with K. D. 
potential gives better results of P-V calculations for all FCC metals in 
comparison to computed results with Morse potential.   
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1. INTRODUCTION 

Due to geophysical and technological applications of pressure volume (P-V) calculations, 
theoretical and experimental work on this problem is quite interesting in recent year. 
Many investigators [1-6] estimated P-V calculation of cubic metals using different type of 
interaction between atoms. Milstein [1] calculated P-V calculations of 8 cubic metals 
including Cu, Ag, Au, Al and Ni by taking Morse potential as an interaction between 
atoms. Using logarithmic potential, Thakur [2] investigated P-V calculations of FCC 
metals (Nickel and Thorium) and BCC metals (V, Mo and W-α). Using embedded atom 
model (EAM), Chantasiriwan & Milstein [3,4] and Ciftci & Colankoglu [5] also carried out 
P-V calculation of some cubic metals. Using modified many body Morse potential in the 
frame work of M D simulation, Ciftci et. al. [6] investigated P-V calculations of many cubic 
metals.  Matthew et. al. [7] measured high pressure and temperature equation of state of 
Cobalt anvil cell in conjunction with synchrotron X- ray diffraction. Using F. S. potential, 
Dai et. al. [8] estimated P-V calculations and many other mechanical properties of cubic 
metals such as Cu, Ag, Au, Pd and Pt. Shim et. al. [9] are reported PVT equation of state 
of Gold based on the inversion of quasi-hydrostatic compression and shock wave data. 
Two and three body potential energy and equation of state of solid Argon are recently 
accurately calculated by Zheng [10] in the higher experimental studied range of pressure 
(0-80 GPa). For Gold and Aluminum, Dewaele et. al. [11] have measured compression 
verses pressure at ambient temperature. These studies showed that, in the present time 
the theoretical research work on P-V calculations of cubic metals is an active field.  
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Recently Singh and coworkers calculated second order elastic constants [12,13], third 
order elastic constants, pressure derivatives of second order elastic constants [14,15] 
and theoretical strength [16] of many FCC metals using two body potential which is 
proposed by Kuchhal and Dass (K. D.) [17]. Computed results of these mechanical 
properties of FCC metals are close agreement with experimental results in comparison 
to other two body potentials. Thus these studied showed that the K. D. potential gives 
better results of mechanical properties of FCC metals in comparison to other two body 
potentials. This gives us a motivation to estimate P-V calculations of FCC metals using 
K. D. potential. First section of this study gives introduction and present situation of work, 
second section gives details of two body potentials, third section gives mathematical 
equation of P-V calculations, fourth section gives results and discussion of the work, fifth 
section gives the conclusion of the present work and the last section gives references of 
the present study.   

2. TWO BODY POTENTIAL 

Two body potential as suggested by Kuchhal and Dass [17] is given as 
ɸ(ݎ) = ௡ିݎܣ−  +  (௠ݎ݌−)݌ݔ݁ܤ

Where A, B and p are positive constants and are expressed in unit of erg.cmn, erg and 
cm-m respectively. The potential parameters A, B and p are determined by using the 
experimental values of lattice constant, bulk modulus and cohesive energy keeping m 
and n as an adjustable parameters. Singh and coworker [12,13] developed a method for 
evaluation of potential parameters of K. D. potential and are given in Table 1.  

Table 1: Potential parameters of K. D. potential [12,13] and Morse potential [1,18,19]. 

Elements Cu  Ag  Au  Al  Ni   
Lattice parameter (Å) [20] 3.6153 4.0856 4.0783 4.049 3.5238 
K. D. 
potential 
[12,13] 

m 1 1 1 1 1 
n 4 4 7 4 4 
p(108 cm-1) 3.2318 3.3838 3.3452 2.4198 3.288 
A(erg-cmn) 3.9266 

x10-43 
4.7565 
x10-43 

5.451 
x10-65 

7.1788 
x10-43 

4.5426 
x10-43 

B(10-9 erg) 3.251 9.427 40.426 1.1502 3.917 
Morse 
potential 
[1]  

α (Å-1) 1.3392 1.0239 .4766 2.7116 2.4876 
r0(Å) 2.885 3.4588 5.9845 2.8776 2.5275 
D(10-12erg) .5677 .6856 1.4449 .1544 .3506 

Morse 
potential 
[19]  

α (Å-1) 1.3588 1.369 - 1.1646 1.4199 
r0(Å) 2.866 3.115 - 3.253 3.253 
D(10-12erg) .5494 .5324 - .433 .433 

Morse 
potential 
[18]  

α (Å-1) 1.3921 1.3939 1.6166 - 1.3921 
r0(Å) 2.838 3.096 3.004 - 2.838 
D(10-12erg) .55212 .5278 .7732 - .6856 
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Morse potential function is given as 
ɸ(ݎ) = ଶఈ(௥ି௥బ)ି݁)ܦ −2݁ିఈ(௥ି௥బ)) 

D, α and r0 are three unknown potential parameters which are determined by many 
workers for different cubic metals using some physical quantities as an input data. Morse 
potential parameters of many cubic metals are estimated by Flahive et. al. [18], Girifalco 
[19] and Milstein [1]. These potential parameters are shown in Table 1 for Cu, Ag, Au, Al 
and Ni. In all these equations r gives the distance from a lattice site chosen as the origin 
to a given lattice site with coordinate specified by the three integers l1, l2, l3 as  

ݎ =  
1
2

(݈ଵଶܽଵଶ + ݈ଶଶܽଶଶ + ݈ଷଶܽଷଶ)ଵ/ଶ 
Where l1, l2 and l3 are integers (chosen such that l1+ l2 +l3 is even for an FCC lattice) and 
a1, a2, and a3 are cell lengths. In equilibrium, a1 = a2 = a3 = a0, where a0 is equilibrium 
lattice parameter and is show in Table 1.  
 
3. PRESSURE VOLUME CALCULATIONS 

For hydrostatic pressure, the all lattice parameters ai are equal i.e. (a1 = a2 = a3 = a) and 
the pressure P (at T = 0K) is given [1] by  

ܲ =
ݑ

4ܽ
 ෍෍෍݈ଵଶ

݀∅
ଶݎ݀

   ௟య   ௟మ   ௟భ

 

And the corresponding relative volume is given by 
ܸ
଴ܸ

=  ൬
ܽ
ܽ଴
൰
ଷ
 

Here u gives the number of atoms per unit cell, which is four for FCC metals. Using 
simple mathematics we can find out first derivative of potential function with respect to r2 
and we can calculate pressure with the help of this equation. 

4. RESULTS AND DISCUSSION 

Calculated values of pressure P at different values of relative volume (V/V0) are shown in 
Table 2, 3 and 4. These tables give the computed results of P-V calculations using three 
Morse potential and K. D. potential. Computed results are also compared with 
experimental results of McQueen et. al. [21]. As per our knowledge, the experimental 
results of Aluminum are not available in literature so they are not shown in Table 3.  
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Table 2:- Pressure volume calculations of Cu and Ag. 

Copper 
 Pressure P (Kbar) 
V/V0 Exp. [21] K. D. Morse Milstein 

[1 ] 
Morse Girifalco 
[19]  

Morse 
Flahive [18] 

.99 0 14.1 14.5 3.74 -7.4 

.933 100 113 115.4 99.9 88.3 

.89 200 213.5 216.0 196.2 184.5 

.856 300 313.6 314.8 290.3 279.7 

.827 400 416.8 415.6 387.8 377.3 

.803 500 517.3 512.8 481.4 471.7 

.782 600 618.3 609.7 574.8 566.2 

.764 700 716.0 702.8 664.6 657.2 

.748 800 812.8 794.4 735.1 746.9 

.734 900 905.9 882.1 837.9 833.0 

.72 1000 1007.7 977.6 930.2 926.9 

.708 1100 1102.6 1066.1 1015.9 1014.1 

.696 1200 1205.3 1161.5 1108.3 1108.3 

.686 1300 1293.3 1246.6 1190.8 1192.4 
 

Silver 
 Pressure P (Kbar) 
V/V0 Exp. 

[21] 
K. D. Morse Milstein 

[1] 
Morse Girifalco 
[19]  

Morse 
Flahive [18] 

.987 0 13.7 14.7 3.45 -3.45 

.918 100 109.5 111.4 95.9 87.41 

.872 200 202.1 198.4 183.1 173.6 

.836 300 297.0 283.0 270.6 260.4 

.806 400 395.2 367.3 360.1 349.4 

.781 500 493.7 448.9 448.5 437.5 

.760 600 590.3 .526 534.4 523.2 

.742 700 685.0 601.3 617.7 606.4 

.725 800 785.8 679.1 705.7 694.6 

.711 900 878.4 749.1 785.9 774.9 

.698 1000 973.0 819.5 867.3 856.5 

.686 1100 1068.4 889.4 948.9 938.3 

.674 1200 1172.2 964.5 1037.2 1027.1 

.664 1300 1266.2 1031.4 1116.5 1106.8 
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Table 3:  Pressure volume calculations of Au and Al.  

Gold Aluminum 
 Pressure P (Kbar)  Pressure P (Kbar) 
V/V0 Exp. 

[21] 
K. D. Morse 

Milstein 
[1] 

 Morse 
Flahive 
[18] 

V/V0 K. D. Morse 
Milstein 
[1] 

Morse 
Girifalco 
[19]  

.989 0 19.7 72.9 -2.1 .95 41.5 51.0 31.9 

.943 100 119.0 182.7 96.28 .9 95.86 132.4 86.9 

.907 200 219.2 285.6 197.7 .85 167.3 261.1 159.8 

.878 300 317.7 381.6 299.1 .8 261.6 463.9 256.7 

.852 400 422.2 479.4 408.5 .75 386.6 784.5 386.4 

.831 500 519.5 567.7 511.9 .7 553.7 1295.6 561.1 

.812 600 618.9 655.6 618.9 .65 779.4 2120 799.2 

.795 700 718.1 741.6 727.0 .6 1087.8 3474.5 1127.7 

.778 800 828.0 835.2 848.4 .55 1519.9 5746.8 1588.6 

.764 900 927.4 918.6 959.7 

.75 1000 1035.5 1008.3 1082.1 

.738 1100 1135.6 1090.6 1197.0 

.727 1200 1234.0 1170.7 1311.1 

.716 1300 1339.2 1255.8 1434.5 

.706 1400 1440.9 1337.7 1555.2 

.697 1500 1537.9 1415.3 1671.5 

.687 1600 1651.9 1506.3 1809.7 

Table 4 :  Pressure volume calculations of Ni. 

Nickel 
 Pressure P (Kbar) 
V/V0 Exp. 

[21] 
K. D. Morse Milstein 

[1] 
Morse Girifalco 
[19]  

Morse Flahive 
[18] 

.993 0 13.3 13.48 10.3 -7.1 

.948 100 113.5 121.4 109.2 88.6 

.912 200 215.4 240.6 208.9 184.9 

.882 300 318.8 369.4 309.2 281.8 

.858 400 416.0 496.7 4.02.9 372.2 

.836 500 518.4 636.6 501.1 466.9 

.816 600 624.1 786.5 601.9 564.1 

.799 700 724.7 934.0 697.4 656.1 

.784 800 822.7 1081.8 790.1 745.4 

.77 900 922.7 1236.7 884.4 836.2 

.757 1000 1023.8 1396.9 979.3 927.6 

.745 1100 1124.8 1560.4 1073.9 1018.6 

.734 1200 1224.4 1725.0 1166.8 1108.6 

.724 1300 1321.1 1888.0 1256.9 1194.7 

.714 1400 1424.3 2064.9 1352.8 1286.9 
 



 V. Singh and B.K. Sharma  

ISSN:2249-9970(Online),2231-4202(Print) [12]  Peer Reviewed & Refereed, Vol. 10(2), Jul 2020 

In case of Copper, at high relative volume the computed results of P-V calculation using 
Morse potentials [19] are fairly close with experimental results [21] but at low relative 
volume Morse potential results are very far from experimental results. At relative volume 
0.933 the deviation of experimental results with theoretical results are 0.1% in case of 
Morse [19] and 13% in case of K. D. potential but at .686 relative volume these 
deviations are 8.4% in case of Morse and 0.52% in case of K. D. potential. In case of 
Silver, the deviation between experimental and theoretical results are 4.1% in case of 
Morse [19] and 9.5% in case of K. D. potential at high relative volume 0.918 but at low 
relative volume 0.664 these deviations are 2.6% in case of K. D. potential and 14.1% in 
case of Morse [19] potential.   

From Table 3, at high relative volume 0.943 the deviation between experimental and 
theoretical results of Gold are 19% in case of K. D. potential and 3.72% in case of Morse 
Potential [18] but at low relative volume .687 these deviations are 3.24% in case of K. D. 
potential and 13.1% in case of Morse potential. As discussed previously, in case of 
Aluminum the experimental results are not available but the results of K. D. potential and 
Morse potential [18] are fairly match. In case of Nickel at high relative volume 0.948 the 
deviation between experimental and theoretical results are 13.5% for K. D. potential and 
9.2% for Morse potential [19] but at low relative volume 0.714 these deviations are 
1.72% for K. D. potential and 3.37% for Morse potential [19]. 

These studies also show that computed results of three Morse potentials are not similar 
however the computed results of Morse potential used and developed by Girifalco et. al. 
[19] and Morse potential developed by Flahive et. al. [18] are not too differ but the results 
of Morse potential developed by Milstein [1] are very far from other two Morse potentials. 
Milstein [1] also calculated P-V calculations (only three values of relative volume) of 
many cubic metals using Morse potential as an interaction between atoms and 
compared these results with experimental results (extrapolated to 0 0K) of sock-wave 
measurements of McQueen et. al. [21]. Representation of anharmonic effect in metals by 
Morse function become fairly poor, such conclusions are found by Milstein [1]. Our study 
also gives same conclusion.  

Figure 1 represents the results of P-V calculation using K. D. and Morse potential [19] in 
graphical form for Copper. This plot show that overall computed results of P-V 
calculations by K. D. potential are better match with experimental results [21] in 
comparison to computed results of Morse potential.   
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Fig. 1: Comparative result of K. D. potential and Morse Potential for Copper. 

5. CONCLUSION 
 
This comparative study gives the theoretical results of P-V calculation using K. D. 
potential and Morse potentials. We compare these results with experimental results of 
McQueen et. al. [21] and show that computed results of K. D. potential are good match 
with experimental results [21]. In case of BCC metals, the similar conclusions were found 
by Kuchhal et. al. [17]. Thus these studies show that the two body potential as developed 
by Kuchhal and Dass [17] is better potential in comparison to Morse potential, which is 
previously developed by different investigators [1,18,19]. In few cases computed results 
of Morse potential are better than the K. D. potential but overall results show that the 
computed results of P-V calculations by K. D. potential are better than the computed 
results of Morse potential.  
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