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ABSTRACT

Excess molar enthalpies of mixing for sec- or tert-butyl chloride + benzene or toluene or o- or m- or p-
xylene have been determined experimentally as a function of mole fraction over the whole
composition range at 308.15 K. H?f,l were measured by a 2-drop calorimeter. The data have been

analyzed qualitatively in terms of specific electron donor- acceptor type interactions and the
interruption of the molecular order of the pure component in the mixture. The observed data of
enthalpies of mixing for these binary mixtures are also analyzed in terms of Flory theory. The Flory
theory gave poor agreement between experimental and calculated values.

Keywords: Excess molar enthalpy, sec-butyl chloride, tertybchloride, aromatic hydrocarbon, Flory
theory

INRTODUCTION

The study of thermodynamic excess properties afidignixtures has been a qualitative and quantiativ
way to provide information about molecular struetand intermolecular forces in liquid mixtures. The
excess thermodynamic properties of a liquid mixtmeey be considered to be made up of two parts; one
corresponds to the breaking of like forces betwbermolecules in the pure component and the foomati
of new interactions between the components of tixeune  ®. An aromatic hydrocarbon are the potential
electron donors and with the alkyl halide form geatransfer complexes due to interactiom @lectron
cloud of the aromatic ring with the empty ‘d’ dddiof the halogen in alkyl halid&“. Following our
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systematic study of thermodynamic properties ofabjnliquid mixtures containing butyl chloride +
benzene or toluene, o- or m- or p- xylené&’, In this paper we are reportirfgf, of sec- or tert butyl

chloride (A) + benzene, toluene, o- or m- or p-exd (B) at 308.15K to understand the nature of
molecular interactions in these binary mixtures.

EXPERIMENTAL

Sec-or tert-butyl chlorides, benzene, toluene, m-, p- xylenes (Fluka) were purified by standard
proceduré. The purity of the sample was checked by densii®s refractive indices measurements at
298.15 + 0.01 K as described earflend the values are agreed with in 0.00005 §.with the literature
valug® as shown in th&able-1.

Table- 1: Densities jp) and refractive indices (p) of the pure components afl = 298.15 K

plKg-m?® Np
material

exptl. ref. 18 exptl. ref. 18
sec-butyl chloride 867.71 867.67 1.3943 1.3942
tert-butyl chloride 836.07 836.10 1.3826 1.3828
benzene 873.65 873.60 1.4980 1.4979
toluene 862.22 862.19 1.4940 1.4941
o-xylene 875.92 875.94 1.5031 1.5029

The excess molar enthalpies as a function of coitiposvere measured by using 2-drop calorimeter
(model, 4600) supplied by the calorimetry Scienmgaration (CSC) USA as described by Dimgel
? The estimated uncertainty of the measuhicil values is + 1 %.

RESULTS

Theﬂi data for the binary mixtures of sec- or tert- batyloride (A) + benzene or toluene or o- or m- or

p- xylenes (B)as a functions of composition at 388K are reported in th&able-2 and shown
graphically in theFig.1 And Fig. 2.

The equation:
2
HE 1 (Imol) = xyx [Ho+H, (x5 ) + Ha (x4 ;) (1)

has been fitted to the data, where the coeffidfpt, and H, are adjustable parameters. These

parameters are evaluated by the method of leaatessjand are given together with the standard tievia
a(HE) in Table-3.
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Table- 2: Experimentally measured excess molar englipies of mixing for sec- or tert butyl chloride
(A) + aromatic hydrocarbon (B) mixtures at 308.15 K

Mole fraction,x, HEZ(J mol") Mole fractions, HE(J mol')
sec-butyl chloride (A) + benzerl(®)

0.1054 4.1 0.5155 11.4
0.2154 7.2 0.6172 10.4
0.3227 9.6 0.7095 8.5
0.4174 11 0.8225 5.6

sec-butyl chloride (A) + toluen(eE)

0.1445
0.2017
0.2545
0.3344
0.3835

sec-butyl chloride (A) + o-xylengEB)

0.1075
0.2112
0.2527
0.3025
0.3376
0.4217

sec-butyl chloride (A) + m-xylengE)

0.1058
0.1635
0.2116
0.2554
0.3025
0.4114

sec-butyl chloride (A) + p-xyleniE)

0.1154
0.2155
0.2648
0.3047
0.3535
0.4155

tert-butyl chloride (A) + benzer(E)

0.1052
0.1625
0.2114
0.2655
0.3213
0.3585

tert-butyl chloride (A) + toluengE)

0.1115
0.1635
0.2152

-346.6
-387.8
-395.2
-363.8
-330.8

-283.1
-418.7
-432.8
-432.6
-427.1
-374.1

-342.5
-458.6
-502.8
-512.3
-508.8
-423.2

-410.1
-556.4
-564

-542.1
-497.8
-442.5

-186.4
-218.6
-226.4
-206.2
-159.5
-121.6

-476.8
-538.5
-558.9

0.4428
0.5218
0.6144
0.7277
0.8215

0.4814
0.5814
0.6272
0.7318
0.8415

0.4827
0.5715
0.6114
0.7341
0.8595

0.4545
0.5217
0.6315
0.7219
0.8873

0.4215
0.5158
0.6278
0.7352
0.8589
1.0000

0.4155
0.5275
0.6245

-285.7
-231.2
-173.1
-122.3
-78.4

-322.4
-247.2
-214.1
-142.8
-81.8

-357.6
-276.5
-241.9
-150.4
-68.9

-401.6
-328.7
-230.1
-152.4
-64.3

-69.8
-8.8
29.8
32.5
12.8

-334.2
-198.4
-118.3
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0.2685 -538.2 0.7215 -72.2
0.3145 -488.8 0.8155 -52.9
0.3517 -424.4 0.8972 -42.1

tert-butyl chloride (A) + o-xylen¢E)

0.1125 -446.2 0.4245 -368.2
0.1774 -555.8 0.5255 -233.5
0.2375 -578.3 0.6272 -128.2
0.2842 -559.7 0.7117 -75.0
0.3314 -514.9 0.8328 -42.8
0.3817 -426.1

tert-butyl chloride (A) + m-xylen¢B)

0.1145 -472.2 0.3742 4777
0.1745 -578.2 0.4115 -410.6
0.2015 -604.5 0.5214 -253.6
0.2324 -617.5 0.6177 -142.8
0.2871 -596.1 0.7115 -89.0
0.3282 -552.8 0.8218 -44.1

tert-butyl chloride (A) + p-xylen¢E)

0.1125 -476.5 0.3517 -547.9
0.1715 -608.2 0.4085 -462.5
0.1975 -635.5 0.5175 -283.8
0.2316 -642.1 0.6115 -160.8
0.2865 -628.3 0.7114 -90.2
0.3151 -608.8 0.8454 -32.7
0.0 0.2 0.4 0.6 0.8 1.0

-400

-500

-600

mole fraction of sec-butyl chloride

Fig. 1: Experimentally measuredH;f,L at 308.15 K for sec- butyl chloride + benzenej or toluene(m)
or o-xylene(A) or m-xylene(®) or p —xylene@®)
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0.0 0.2 0.4 0.6 0.8 1.0
100 L

H" (Jmol®)

-700

mole fraction of tert-butyl chloride

Fig. 2: Experimentally measuredH;:’:s,L at 308.15 K for tert- butyl chloride + benzene¢) or toluene)
or o-xylene(A) or m-xylene(®) or p —xylene@®)

Table-3: Values of adjustable parameterH,, H; and H,, of egn. (1) and standard deviationg(H )
(3 mol™) of the molar excess enthalpies of various binampixtures at 308.15 K

System H, H, H, oH
SBC + benzene 45.0 -3.1 -10.9 0.1
SBC + toluene -983.3 1521.8 -1424 4.6
SBC + o-xylene -1262.3 1599.5 -918.2 5.6
SBC+ m-xylene -1387 2002.6 -1300.9 7.3
SBC+ p-xylene -1418.6 2236.6 -1678.4 7.8
TBC + benzene -76.7 1276.2 -1519.6 5.8
TBC + toluene -909.7 2601.4 -2831.7 11.2
TBC + o-xylene -1079.1 2723.3 -2363.7 8.8
TBC+ m-xylene -1168.7 2886.9 -2417 11.0
TBC+ p-xylene -1292.9 3087.7 -2243.5 11.7
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DISCUSSION AND CONCLUSION

Excess molar enthalpy of mixing plots show negatiieies for all the mixtures (except butyl chloride
benzene mixturesBI.rf1 values for sec-butyl chloride + benzene mixtume faund to be positive but very
less in magnitude artE values for tert butyl chloride + benzene mixtahanges its sign from negative
to positive. All curves are skewed towards the toale fraction of butyl chloride.
At mole fraction 0.3 of the butyl chloride in mixas, values were found to vary in the followingerd
sec- butyl chloride (SBC) + benzene > + toluene o-xylene > + m-xylene > + p-xylene and for tert-
butyl chloride (TBC) + benzene > + m-xylene > +umhe > + o-xylene > + p-xylene.

HE data can be explained qualitatively if it is assdrtieat electron donor- acceptor type interactions

exists between sec- or tert- butyl chloride witbraatic hydrocarbons ( behave as electron donor) and
there is a disruption in the favorable orientatlaaer in the pure components of the mixture wirezry
are mixed. Both of these factors play a dominaf® in deciding the sign oHE .In the case of SBC +

benzene mixtures, the positive values &f d¥er the whole composition range suggest thatetiergy
released by electron donor acceptor (EDA) intesastis less than the energy gained by the systentodu
disruption of the orientational order of pure comguats. When a methyl group is introduced in benzene
(as in toluene), the electron densitymefelectron increases and EDA interactions becortreager and
this leads to a negative value Id)fi. The introduction of two methyl groups in benzdas in xylenes),

further enhance these interactions and yield megative values o=

As effect of shape and branching of molecule isceamed, tert-butyl chloride is more symmetrical
molecule and thus it will interact strongly tharcséutyl chloride with aromatic hydrocarbons, thus
produces more negati\xff.r‘z,f1 values.

FLORY STATISTICAL THEORY

We examined our data in light of statistical medhahtheory by Flor§? 2 which takes in to
consideration the shape and size of the molecuteording to this theorf £ is given by:

Hy = 2, PaVE( Vit — Vg ) + xePaVa(Vie' — Vg ) + 24 Vi85 Xap Vel )

Wherex, andxg and V" and Vg denote the mole fractions and characteristic velwwhcomponents

A and B respectively of the binary mixture®..;. is given by
Vo, 773[4/3 — 03] [F—17,] 3)

WhereV o T and "f‘ﬂ are the ideal reduced volume, reduced temperadack the ideal reduced

temperature of the mixture defined by the followeguations

Vo= daVy +05 ;5 )
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i
B

T,= (0= 1/" (5)
V, =1+ a,(T/3)/(1+a, T (6)
Vi =Va/V (7)
s =1— g = NV /(NVy +NgVg) (8

The equations have the same significance as has described by Florya is the coefficient of
volume expansion of the pure component. The redteegerature] of the mixture is given by

T= ¢4 PiTa+ &5 PaTs/0aPi+ &5 Po(1— 028 Xan/PuPi+ @5 P 9)
WhereP; is a characteristic pressure defined by
Pi=ay TV7/ (K1), 10§

Where(K;), denotes the isothermal compressibility, is a fi@itential and8y is the site fraction given

by
B = xa/(x5 + 22¥254/¥555) (11)

Where 5 denotes the contact sites in each segment of a melecansidered to be made up gf
segments. To calculajg 5,/¥5 S5, it is assumed that the number of contact gite%; per molecule is

proportional to the surface area of a sphere oh#tme core volume. Thus
(VaSal¥eSs) = (Vi /v5) % (12)

The reduced temperatufeof the mixture is dependent on the adjustablerpatery sz, which could be
evaluated from the knowledge of some other excesstibn of the system. We have evaluated this
parameter by using the experimental values BV atx,= 0.5 of the mixtures. These valuesygf are
given in Table 4 along with the®values ak, = 0.1, 0.3, 0.5, 0.7, 0.9.

The parameters of the pure components were evdluageusing physical properties like heat of
vaporization and isothermal compressibilities valteported in literaturé” >

An examination ofTables- 4shows that agreement is poor between the expetainamnd the calculated
values by Flory's theory. Generally, Flory theosydpplicable to those mixtures, where only physical
interactions are present. In our mixtures, mosbabdy EDA type interactions are present; theretbee
agreement between the experimental and calculatiess is poor. Another reason for failure of theory
may be due to the approximate values ahdX; of some of the pure components were used to eaécul

the HE values.a and Ky were calculated from the coefficient of volume axgion and from the

solubility parameters of pure components respdgtive
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Table- 4: Comparison of the measureddZ values for sec- or tert- butyl chloride (A) + aronatic
hydrocarbon (B) at 308.15 K with their correspondirg Hf,l values evaluated from Flory theory

HE(J mol®)
mole fractioni,) Experimental Flory
sec-butyl chloride (A) + benzer(E) Xag —-0.2472
0.1 3.9 -2.0
0.3 9.1 -4.6
0.5 11.3 -5.4
0.7 8.5 -4.5
0.9 2.9 -1.8
sec-butyl chloride (A) + toluene (B) ¥as =-0.7652
0.1 -282.2 -9.3
0.3 -380.4 -22.3
0.5 -245.2 -27.2
0.7 -125.9 -23.4
0.9 -64.5 -10.2
sec-butyl chloride (A) + o-xylene (B) Xag = 0.2008
0.1 -266.3 -6.0
0.3 -433.2 -15.6
0.5 -308.5 -20.4
0.7 -166.3 -18.8
0.9 -50.4 -8.8
sec-butyl chloride (A) + m-xylene (B) ¥as = 6.5801
0.1 -333.0 44.8
0.3 -511.6 106.9
0.5 -345.2 130.0
0.7 -172.7 111.7
0.9 -49.5 48.9
sec-butyl chloride (A) + p-xylene (B) x45 =2.0417
0.1 -369.9 8.0
0.3 -546.4 19.5
0.5 -353.5 22.9
0.7 -164.7 19.0
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0.9 -59.8 8.0
tert-butyl chloride (A) +benzene (B) x.,; =1.2493
0.1 -183.3 7.8
0.3 -173.9 17.1
0.5 -17.7 19.8
0.7 39.6 16.0
0.9 2.7 6.6
tert-butyl chloride (A) + toluene (B) Yas =7.2370
0.1 -439.7 49.1
0.3 -507.5 114.1
0.5 -222.0 135.3
0.7 -78.3 1134
0.9 -37.3 48.5

tert-butyl chloride (A) + o-xylene (B) ¥as = 14.8540

0.1 -413.1 103.6
0.3 -547.1 245.7
0.5 -267.3 297.6
0.7 -81.5 254.7
0.9 -27.5 111.3
tert-butyl chloride (A) + m-xylene (B) Yas = 20.0757
0.1 -439.7 146.8
0.3 -589.4 350.2
0.5 -283.7 426.6
0.7 -95.7 367.1
0.9 -25.1 161.3

tert-butyl chloride (A) + p-xylene (B) ¥as = 13.6708

0.1 -422.5 94.6

0.3 -622.3 225.4

0.5 -311.9 274.0

0.7 -93.2 235.3

0.9 -20.3 103.2
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