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   The isomeric variation in the physical properties of byanched alkanes

(isoparaMns) is an interesting problem iR the field of the study on the corre-

lation between the rnolecular structure and the physicai properties of organic

compounds. Owing to theabsence of polarity (d2pole moment is nearly equal

to zero), the properties of paraMn hydrocarbons depend on!y on the shape of

melecule, namely, on the number of carbon atoms in the molecule and on

the number and relative position of the side chains. A number of investiga-
                                         1-18)
tions have been made to c!arify this dependence. Of these, a method proposed
         8)
by Wiener is the most favorable. In spite of its simplicity, Wiener's parame-

ters are able to predict the structural variation in isoparaffins with sttflicient

accuracy. We have also adopted this set of parameters to correlate the "effe･

ctive carbon number" with the molecular structure of the isoparathns in our
             19)
previous paper (this paper wili be referred to as P-I).

   Detailed exarnination, however, reveals that some systematic deviations

of estimated va!ue from the experimental are observed in the case of the

definite types of compounds whenever we use the Wiener parameters. Green-
                 20)
shieids and Rossini have recently obtained an improved correlation with

additional terms by which such deviations are to be eliminated. Although this

improvement is effective for the purpose of more accurate prediction of many

physical properties, physical meaning of the additional parameters is not

                             t.clear.

                                                                 21)
   In the course of the study on the structural variation in alkenes, we

have arrived at a new correlation expressing the difference of "effective

carbon number" of alkenes from the real carbon number in terms of new

structural parameters. This correlation contains an･ expression for branched

alkanes as a special case and will be also effective to predict the isomeric

yariation in isoparaflins. The purpose of this paper is to presenta comparison
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of the estimated valueg by the proposed equation with experimental data in

great details and to discuss the results in terms of the physical meaning of

effective carbon number and the structural parameters.

     De£inition and Experimental Proof ef Effective CarboR Number

    Let us first define the "effective carbon number" of isoparafllns. When

the boiling points of normal paraffins are plotted against the number of carbon

atoms, a family of curves for different pressures is obtained. Then, reading

the boiling points of a given isoparaffin on these curves, we can obtain a set

of values of an effective number of carbon atoms, each corresponding to every

different pressure. If this effective number does not dependent on the external

conditions, i.e., independent of pressure, it is treatedas a structural constant

depending only on the strucutural feature of each compound.

    From an extensive experimental test shown in TableIand Figure l, we

can conclude that a reasonable constancy of the values is observed over a

wide range of pressure and that these numbers can be regarded, as a first

approximation, as characteristicconstants. We will call this number as the

"effective carbon number" and hereafter denoted by n'ts.

   It can be shown laeer that the proper assignment of the n* value is advan-

tageous not only to the estimation of the vapor pressure curve of isoparathns

but al$o to that of other physical properties such as critical constants. Thus,

replacing the real carbon number n by n'", the followin.g equations which have

been derived in P-I can be applied to isoparathns (and also for linear and

brancked olefins).

                 127. 55 n"213

                              , (1)         Tbo .=
              1 + O. 070 33 n*2f3

         n"2/31Tb = (O. O07 840 - O. O02 15 log P - O. OOO IO (log P) 2)

                         + (O. OO0 5514- O. OOO OII Ieg P) n"2/3, (2)

                       2 128 n:'213
         A ==: 'irv+ o. oos 12 n:'2i3 -F o. og3ologp' (3)

         Ao= 2 i46 n*2!3 ( ii ++ Ool Oo67g223 ".:.'ilg) (4)

                        O. O04 192         1
        -T-, = O･ OO0 702 -F -i,Jg-il,-', ("'>
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                               80. 37
                    PC == n*2!3(1+O. 167sn:k213>' (6)

                    Il}=O. 0412(n*213+n">. (7)

where 71bO is normal boiling point in OK, Tb is boiling point 2n OK, P is

pressure in atmosphere, A is heat of vaporization in cal/mol, Ao is heat of

vaporization at norrnal boiling point in caYmoi, Tc is the critical temperature

in oK, Pc is the critical pressure in atmosphere and Vb is the critical volume

in cclmol.

    However, calculation by equations <1) to (7) is quite troublesome since n*

is, in general, not integral. Graphical method is preferable for this reason.

The nomograms presented in P-I will be quite useful for this purpose.

              t/
                           Structural Units

   Once definition of effective carbon number n* is establlshed, the next step

is to find an equation which correlates the effective carbon number with the

structural formuia of compound. One of the excellent ways is to adopt the

Wiener parameters as in P-I. But the Wiener parameters are not applicable

to the structural specification of olefinic hydrocarbons. On the contrary, our
                                                   21)
new structural parameters proposed in our recent paper (this paper will be

referred to as P-II) can describe the structura} feature of both isoparaffins

and olefins. For the reasons given above and also ;n later section, we will

adopt here the latter parameters. We shall now explain our method briefly.

   The molecular structures of isoparathns can be specified by the number

and the relative position of the two kinds of branching units, i. e., tertiary

and quaternary carbon atoms. If the mutual influence among them is properly

factorized, the deviation of the effective carbon number from the real one

may be expressed by a linear combination of two factors, each corresponding

to branching units. Although various kinds of methods for such factorization

would be possible, only the linear factorization is ttsed because of its simpli-

city for practicai purposes.

   The contribution ef twG structural units, trlfunctlona} branching <I) and

tetrafunctional branching (II)

                                                  c
                                                  l
             (I) -C--C-C- (II) -C-C-C-
                       1l                      cc



to the effective carbon Rurnber o£ compottnd is expressed by the following

equations, which are obtained after some troublesome analysis of available
               21N23)
boiling point data:

                      Ani= O. 28-O. 06c2+e. 06c3, (8)

                      Anii =:-, e. 73-O. 14c2 -}- O. e5c3. <9>
                                                                   '                                       '
The diff.erence between the effective carbon number n" and the real carbon

number n is then given by the sum of these two contributions,

                    dn =n-n" == Xi Anr+.",.utiizib (IO)

where the summation extends over all structural units of each type. The two

parameters, c2 and c3, in equations (8) and (9) are defined as follows:

    c2 the Rumber of the second neighbor carbon atorns of the branching

         point (tertiary or quaterRary carbon atom).

    c3 the number of the third neighbor carbon atoms of the branching

         point (tertiary or quaternary carbon atom).

                   gllustration : Examples of Caleulation

    We will now summarize our method recommended for the prediction of

some physical properties of isoparadins.

Recommended Method
    <1) The effective carbon number n:X is first calculated by equation '(10). '

Only the structural formula of isoparaMn in question is required.

    <2) The vapor pressure-temperature relationship, crltical temperature,

critical pressure and the heat of vaporization at normal boiling point can be
                19)
read ok nomogram by using the value of n* obtained in (l).

    (3) Tke heat of vaporization as a function of temperature can be calcu-

lated by substituting the value of n" obtained in the procedure (1) into

equation (3). However the use of Watson's equation is preferable in this case,

                                          TZ-T
                    log A =- log AO + O. 38 log                                                                (ll)
                                         Te ' TbO'

where the values of Ao, T, and TbO are obtained from the procedures (l) and

(2).

    (4) The critical volume is calculated by equation (7).

    (5) If one boiliRg point datum is available, the procedure (1> becomes
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ttnnecessary. By the reverse procedure of (2>, n* wil} be determlned graphi-

cally on nomogram.

                                                               '
    For the c!ear understanding of the recommended method, we will present

some examples of ca!culation.

    A) 2--Methylpentane

                              C6
                               I
                          CirmC2-C3-C4nvC5

This compound contains one tertiary carbon atom C2. It has one second

neighbor, say C`, and one third neighbor, say C5, respectively, hence

               An == dn =: O. 28 - O. 06 × 1+ O. 06 × 1= O. 28,

               n'F == n- An == 6- O. 28 -- 5. 72.

Then, using the nomogram, 600C is obtained for the normal boi}ing point
                                                    22)
which is to be compared with the observed value of 60. 30C. For the critical

pressure and temperature, 30 atm. and 4970K are obtained, while the expe-
                                    22)
rirnental data are 30 atm. and 498.10K. The heatofvaporization atnormal

boiling point can be also read on nomograrn as 6. 70 Kcallmol. This va}ue is
                                                         22>
to be compared with the literature value of 6.626 Kca!/mol. Substituting

Ao==6.70, Tlr==497, ZbO=333 and T== 298 (250C) lnto equation (11), the

standard heat of vaporization is calculated as 7. 20 Kcal/rnol, which is to be
                                                   22)
compared with the literature value of 7.183 'Kcal!mol. The agreement of

caiculated values with experimental data is highly satisfactory.

   .B) 3,3-Dimethylhexane

                               C7
                                l
                       Ci-C2-C3-C4nvC5-C6
                                l
                               C8

This compound has one quaternary carbon atom C3. It has two second neigh-

bors, say Ci and C5, and one third neighbor C6. Then,

              dn = dnii == O. 73 - O. 14 × 2 t- O. 05 × 1 == O. 50,

              n'sc =n-dn == 8- O. 50 == 7. 50.

The value of n' at normal boiling point is estimated to be 7.51.

    C) 2,4-Dimethylhexane



                           C7 C8
                            ll
                       CindC2nyC3-C4-C5-C6

 There are two tertiary carbon atoms C2 and C` iR this molecule. The

 contributions of these two to 3n are calculated separately.

Tertiary carbon atom C2: second neighbor = C4 c2 == 1

                          third neighbor == C5 and C8 c3 ==2

         tin(C2) == O. 28 - O. 06 × 1 + O. 06 × 2 == O. 34.

Tertiary carbon atom C`: secoRd neighbor = C2 and C6 c2 =2

                           third neighbor = C'and C7 c3 ==2

         An(C4)= O. 28-O. e6 ×2+O. 06 ×2 == O. 28;

then,

                An = An (C2> -F An (C`) = O. 34 + O. 28 = O. 62,

             :. n:" == n- dn w8- O. 62 == 7. 38;

n:k at normal boiling point being 7.41.

    D) 2,2,3-Trimethylpentane

                              C6 C7
                              II
                         C1-C2neC3inC4umC5
                              l
                              C8

This molecule has one tertiary carbon atom C3 and oRe quaternary carbon

atom C2.

Tertiary carbon atom C3:

            second neighbor == C`, C5, C6 and C8 c2 =:: 4,

            third neighbor == None c3 =: O,
            an (c3) = o. 2s - o. e6 × 4 == o. o4.

                                    'Quaternary carbon atom C2:

            second neighbor == C` and C7 c2= 2,

            third neighbor == C5 c3 == l.
     An.(C2) = O. 73 - O. 14 ×2+ O. 05 × 1 ;= O. 50.

Then, An is given as the sum of the above two.

     An == Anr+ Anll =:= O. 04 + O. 50 = O. 54,

     n:' == n- An =: 8-O. 54 = 7. 46.

While n* at 7'lbO is estimated to be 7.43.

                       I･
                       l
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                    CemparisGn vvith Experimental Data

    Experimental data of boilirg point and other physical properties of isopa-
                                                                       23)rafuns have been collected extensively in monographs or reviews by Egloff,

     20 25)Stull, Ferris and others. The most extensive and systematic work was
                               22)
done by Rossini and his colleagues who published a selected value of physical

properties of hydrocarbons and related compounds.

    We will now test the utility of the recommended method by comparing

the predicted value with these literature values. This test is made wlth 117
                                                                 'isoparaffins ranging from C4Hio (isomers of n-Butane) to CiiH24 (isomers of

n-Un.decane). Table II shows the results for 66 isoparaffins of carbon number

4N9. It contains the comparison of effective co,rbon number n* calculated by

equation (10> (Calcd.I) with the observed value at normal boilin.g point, the

estimated and the Iiterature values of normal boiling point, the heat of

vaporization at normal boilin.g point, the standard heat of vaporization,

 the critical temperature and the critical pressure.

    In Table III, the estimated values (Calcd. I) of normal boiling point of

sl isoparaffins of C==10 and C=11 are compared with experimental data.

The values (Calcd. II) estimated by the equation containing the WieRer

parameters (equation 41 ir P-I) are also listed in these two tabies for

comparlson.

    In Table IV, the reproducibility of the literature values attained by the

recomrnended method is summarized. The best results obtained by the other

methods are also shown in the last column of the table, from which we may

conclude the･.t the present method can be recommended as the most precise

 one for tke estimation of the heat of vaporization at normal boiling point

 and the critical temperature.

    For the vapor pressure curve of isoparafllns, the estimated values of

 general boiling point by the presen.t method are compared with the "seiected
                                  22)
 values" tabulated by API Project 44. By Usin.g the n;" value calculated from

 equation 11, boilin.g points frcm le mrnl{g to 1500 mmHg are read on

 nomogram for 32 isomers of C4Hio to CsHis. The average deviation for 277

 points is about l.290C, witk the maximum deviation of 4.70C for 2,3,4-

 Trimethylpentane at 100e mmHg. Althougk this result ls highly satis-

 factory, the deviation will be diminished further when we adopt the observed

 value of n:" at rormal or general boiling point. This is the case often met

 with, since we have ordinarily at least one boiling point datum at hand.
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                                Discussiozz

    As seen in the preceding section.s, the effective carbon number nij` is, as

a first approximation, a constant characteristic of giveR isoparaflln independent

of the external condition such as pressure. Using the same value of n", both

the critical constants and the vapor pressure (in.cluding the heat of vaporization)

can be evaluated with high accuracy. However, slightly different values of n±"

are to be assigned for each property to obtain the closest agreement with the

observed values. For instance, detailed examination of the boiliRg point data

of isoparaffins always leads to a gradual increase in n" with increasing tempe-

rature (cf. TableIand Fig. 1). Although the increase is negligible in most

cases, there is a general tendency that the raore compact the structural

arrangement of carbon atoms becomes, the more the n" depends on the

temperature e. g., 3-Methyl-3-ethylpentane (and also in the case of other

isoparaffins having quaternary carbon atoms)ig' If this dependence becomes

large, the n" can no longer be regarded to be a constant. Such remarkable

temperature (pressure) dependence will be. observed when we assign the n*

values tentatively to the derivatives of paraffin. hydrocarbons such as aliphatic

alcohols. Constancy of n" is the result of parallelism between the vapor

pressure curve of normal parathns and that of the compound in question.

This situation can be seen in Fig. 2, iR which tke vapor pressure curves

of few members of normal paraffin homologue, isoparaMn. and other typical

aliphatic compounds are presented for comparisor's sake. To correlate n*

with the molecular structure, we adopt the value at normal boiling point

as reference. Accordingly, it seems more reasonable to define the effective

carbon number as a special measure of the n.ormal boiling temperature. This
                          26)
point will be discussed later.

    The effective carbon number n" of isoparathn is always smaller than the

number of carbon atoms of the corresponding normal paraflin. This may be

interpreted in terms of a decrease in the contribu'tion of tertiary or quaternary

carbon atoms to the intermolecular poten.tial caused by the screening effect

of the neighboring atorns. Thus, the n'tr of 2-Methylpropane (Isobutane) and

2,2-Dimethylbutane (Neopentane) the simplest compounds having tertiary

and quaternary carbon atom respectively are 3. 72 and 4. 27 (cf. Table II>

which is to be compared with their carbon number, 4and 5. The screening

** In our previous paper P-I, 2,2,3,3-Tetramethylbutane was taken inadequately as
   such example. It was overlooked that the extreme Iarge pressure ciependence of n*

   is due to its solidification at 100.8"C (rD'.7-C lower than Tbe;, .
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effect of the neighboring atoms should be dependent on their arrangement,

and our parameters c2 and c3 were introduced in order to take this dependen-

ce into account for isoparaflins other than the above two. It is shown by

the experimenta! test that the effect of the fourth or further neighbor to the

branching units is negligible, and therefore, as seen in equations 8 and 9, our

correlation contains the contributions of the carbon atoms only up to the

third neighbors.

    These brief explanations will serve for elucidating, though quall'tative, the

nature of the effective carbon number and our structural parameters.

    In this connection, we should like to discuss the Wiener parameters.
                                             8)
Wiener's polarity number p and path number w seem to be peculiar at' first,

but it will be shown that these two can skilfully describe the over-all compa-

ctness and the degree of branchin,g in isoparaffin molecules. Although their

usefulness is evident, we may indicate the following drawbacks:

    1) The Wiener parameter does not distinguish all the isomers of isopara-

flins, because, for higher members than Octane, some isomers whose molecular

structures are eRtirely different from one another migkt have the same value

of Wiener's two parameters. For exarnple, tiP =: -2 and liw == 18 both for

4 -Ethyiheptane and for 2, 3-Dimethylheptane.

    2) The definition of two parameters seems to be arbitrary and therefore

 dithcuk to correlate with theoretical considerations.

    3) The scope of application of the Wiener parameters is limited within

 the paraflin hydrocarbons.

    4) A large systematic deviation of predicted value frorn the experimental

 one is observed iR the case of some definite types of isomers, as stated earl-

 ier. This deviation seems to be serious especially in the case that two

 quaternary carbons are separated by one carbon atom, for examples, as in

 2, 2, 4, 4-Tetramethylpentane and 2, 2, 3, 4, 4-Pentamethylpeiltane.

     As to the last point presented just above, the present method is also use-

 less. Tables II and III show that the largest deviation is also observed in the

 case of the above two isoparathn.s. Average deviation is also comparable in

 the case of the present method and that adopted in P-I. We do not discuss

 individual isoparafilns in detail here, but, it should be pointed out that an

 opposing deviation is observed between the isomers having comparatively

 simple molecular structure. For example, a large posi.tive deviation is obser-

 ved in such isomers having ethyl or propyl side chains (e. g., 3,3-Diethyl-

 hexane or 4-n-Propylheptane), while a negative deviation for isomers having



adjacent methyl side chain.s (e.g., 2, 3,4-Trimethylpentane). For closer repro-

duction of the isomeric variation of isoparaflin and other organic compounds,

the more elaborate correlatior should be indispen.sable. Owing to the Iack of

knowledges of the relationship between the physical properties and the inter-

molecular force in organic liquids, any guiding principle has not given at

the present stage. However, for the practical ckemical engineering purpo-

ses, the present method will be quite useful.

    In conclusion, the author expresses his hearty tkan.ks to Dr. Mikio

Tamura, Professor of Kyoto University and to Dr. Michio Kurata, Assistant

Professor of Kyoto University for their kind guidanee and criticism.

                               Summary

   A method for estimating the isomeric variation in the physical properties

of isoparathns is developed. In this methed, the "effective carbon number",

a structural constant depending on the number and the relative positlon of side

chains is introduced. An empirical equation correlating the effective carbon

nurnber witk the molecular structure of compound in terms of new structural

parameters is proposed. By combining this equation with the previously pre-

sented nomogram, the accurate evaluation of the vapor pressure curve and

the critical constants of isoparaflins can be made only from the knowledge of

structural formula of compound.
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Table I. Effective Carbon Number of Isoparafins at Various External Pressures.

Compound Pressure
(mmHg)

1 5 10 20 60 200 4eo 760

2-Methylpropane
Tb
n*
-109.2
  3. 71

-94.1
 3.71
-86.7
 3. 71
-7Z9
 3. 71
-62.4
 3.71
-41.5
 3. 71
-27.1
 3.71
-11.7
 3. 72

2-Methylbutane
Tb
n*
-82.9
 4. 74
-65.8
 4. 72
-57.0
 4. 74
-47.3
 4. 74
-29.4
 4. 75
-5.9
 4. 75

-Fle.5
 4. 76

27. 8

4. 76

2,2-Dimethylpropane
Tb
n*
-102.0
  3. 98

-85.4
 4.el
-76.7
 4. 04
-67.2
 4.05
-49.0
 4.Il
-23.7
 4. 22
-Z1
 4. 25
+9.5
 4. 27

2-Methylpentane
Tb
n*
-60.9
 5.68
-41.7
 5.69

-32.1
 5. 71
-21.4
 5. 71
-1.9
 5. 72
+24.1
 5. 74

41.6
5.74

60.3
5.73

3-Methylpentane
Tb
n*
-59.0
 5. 76
-39.8
 5. 77
-3e.1
 5. 79
-19.4
 5. 79
+O.1
 5. 80

26. 5

5.82
44.2
5.82

63. 3

5. 82

2,2-Dimethylbutane
Tb
n*
-69.3
 5.31
-5e.7
 5.31
-41.5
 5.33
-31.1
 5.33
-12.1
 5.35

÷13.4
 5.38

31.e
5. 39

49. 7

5.41

2,3-Dimethylbutane
Tb
n*
-63.6
 5.56
-44.5
 5.57
-34.9
 5.59
-24.1
 5.60
-4.9
 5.61
+21.1
 5.63

39. 0

5. 65

58. 0

5.66

2-Methylhexane
Tb
n:k
-40.4
 6. 68
-19.5
 6. 67
-9.1
 6. 69
+2.3
 6. 69

23. 0

6.69
50. 8

6.69
69. 8

6. 70

90. 0

6. 71

3-Methylhexane
Tb
n:k
-39.0
 6.74
-18.I
 6. 74
-7.8
 6. 74
+3.6
 6. 74

24.5
6. 75

52.4
6. 75

71.6
6. 77

91.9
6. 77

3-Ethylpentane
Tb
n*
-37.8
 6.80
-17.0
 6.79
-6.8
 6. 79

+4. 7
 6. 79

25. 7

6. 80
53.8
6.81

73. 0

6. 82

93. 5

6.83

2,2-Dimethylpentane Tb
n*
-49.0
 6.24
-28.7
 6. 26
-18.7
 6. 27
-7.5
 6.27
+13.0
 6. 29

40. 3

6.31
59.2
6. 33

79.2
6.34

2,3-Dimethylpentane Tb
n*
-42.e
 6. 59
-20.8
 6.62
-10.3
 6. 64
+1.1
 6. 63

22. 1

6.66
50. 1

6. 67
69.4
6. 69

89. 8

6. 70

2,4-Dimethylpentane Tb
n*
-48.0
 6. 29
-27.4
 6.31
-17.1
 6.34
-5.9
 6. 34
+14.5
 6.35

41. 8

6.37
6e. 6

6.38
80. 5

6. 38

3,3-Dimethylpentane Tb
n*
-45.9
 6. 39
-25.e
 6. 43
-14.4
 6. 46
-2.9
 6. 46
+18.1
 6. 50

46. 2

6. 53
65.5
6. 55

86.1
6.58

2,2,3-Trimethylbutane Tb
n*

s s -18.8
 6.27
-7.5
 6.27
+13.3
 6.31

41.2
6.35

60. 4

6.37
80. 9

6. 40
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Table l. (continued)

Compound Pressure
(mmHg)

1 5 le 20 60 2oe 400 760

2-Methylheptane

3-Methylheptane

4-Methylheptane

2,2-Dimethylhexane

2,3-Dimethylhexane

2,4-Dimethylhexane

2,5-Dimethylhexane

3,3-Dimethylhexane

3,4Dimethylhexane

3-Ethylhexane

2, 2, 3-Trimethylpentane

2, 2, 4-Trimetlaylpentane

2, 3, 3-Trimethylpentane

2,3,4-Trimethylpentane

2-Methyl-3-ethylpentane

3-Methyl-3-ethylpentane

2, 2, 3, 3-Tetramethylbutane

Tb
n*

Tb
n*

Tb
n:"

Tb
n*

Tb
n*

Tb
n*

Tb
n*

Tb
n*

Tb
n'ge

Tb
n*

Tb
n*

Tb
n*

Tb
n*

Tb
n:k

Tb
n*

Tb
n'ig

Tb
n*

-21.e
 7. 64

-19.8
 7. 70

-20.4
 7. 67

-29.7
 Z21

-23.0
 7.54

-26.9
 7. 35

-26.7
 Z36

-25.8
 7. 40

-22.1
 7. 58

-20.0
 7. 69

-29.0
 7.25

-36.5
 6. 87

-25.8
 7.40

-26.3
 7. 38

-24.0
 7.49

-- 23.9
 7.50

-IZ4
 7. 83

+1.3
 7. 66

+2.6
 7. 72

+1.5
 7. 67

-7.9
 7. 22

-Ll
 7.54

-5.7
 7. 34

-5.5
 7. 35

-4.4
 7. 39

+e.2
 7.61

+2.1
 7.70

-Zl
 7. 26

-15.0
 6. 89

-3.9
 7.41

-4.1
 7.40

-1.8
 7. 51

-1.4
 7. 53

+3.2
 7. 75

 12. 3
 7. 66

 13. 3
 7. 71

 12.4
 7. 66

+3.1
 7. 24

+9.9
 7.55

+5.2
 7. 33

÷5.3
 7. 33

÷6.1
 7. 37

 11.3
 7.61

 12. 8
 7. 69

+3.9
 7. 27

-4.3
 6. 90

+6.9
 Z41

+7.1
 7.42

+9.5
 7.53

+9.9
 7.55

 l3.5
 7. 72

 24.4
 Z 66

 25. 4
 7. 71

 24. 5
 7.67

 15.0
 7.24

 22.1
 7.56

 17.2
 7. 34

 l7.2
 7.34

 18.2
 7. 38

 23. 5
 7. 62

 25. 0
 7. 69

 16.e
 7. 28

+7.5
 6.91

 19.2
 7.42

 19.3
 7.42

 21.7
 7.54

 22. 3
 Z 56

 24. 6
 7. 67

46. 6

7. 68

47. 6

7. 73

46. 6

7. 68

36.7
7. 26

44. 2

7. 57

39. 0

7.35

38. 5

7. 34

40.4
7.40

45. 8

7. 65

47. 1

7.71

38. 1

Z31

29.1
6.94

41. 8

7. 47

41.6
7. 46

43.9
7.56

45. 0

7. 61

44.5
7. 59

76.0
7. 68

77. 1

7. 73

76. 1

7. 69

65.7
Z 28

73. 8

7. 60

68. 1

7. 37

68. 0

7. 36

70.0
7. 44

75.6
7. 67

76.7
7.71

67. 8

Z36

58. 1

6. 98

72. 0

7. 52

71.3
7.50

73. 6

7. 59

75. 3

7. 66

70. 2

Z 45

96. 2

7. 70

97. 4

7. 74

96.3
7. 7e

85. 6

7. 29

94. 1

7. 62

88. 2

7.39

87.9
7. 37

90. 4

7. 47

96.e
7. 69

97.e
7.73

88. 2

7. 39

78. e

7. 00

92.7
Z 56

91.8
7. 52

94. 0

7. 61

96. 2

7.70

87.4S
7. 35

117.6
 7. 73

118.9
 7. 78

117. 7

 7. 74

106.8
 Z31

115.6
 7. 65

109.4
 7.41

109.1
 7. 40

112.0
 7.5i

117.7
 7. 74

118.5
 7.77

109. 8
 7. 43

 99. 2

 7.03

114.8
 7. 62

113.5
 7.57

IL15.6

 7.65

118.3
 7t76

106.3
 7.'30
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Table II. Comparison of Values of Physical Properties Estimated by Recommended.

Name

Compound

Structural Pattern

  Structural

  Parameters

C2 C3 AP AW

   Effect{ve Carbon

   Number n*

Obsd. Calcd.I Calcd.

   Normal Boiling

      Point

   TOb (OC)
II Obsd. Calcd.I

C4 2-Methylpropane

Cs 2-Methylbutane

   2, 2-Dimethylpropane

C6 2-Methylpentane

   3-Methylpentane

   2,2-Dimethylbutane

   2,3-Dimethy!butane

C7 2-Methylhexane

   3-Methylhexane

   3-Ethylpentane

   2,2-Dimethylpentane

   2,3-Dimethylpentane

   2,4-Dimethylpentane

   3,3-Dimethylpentane

   2,2,3-Trimethylbutane

Cs 2-Methylheptane

   3-Methylheptane

   4-Methy!heptane

   2, 2-Dimethylhexane

   2, 3-Dimethylhexane

   2,4-Dimethylhexane

   2,5-Dimethylhexane

   3,3-Dimethylhexane

   3,4-Dimethylhexane

   3-Ethylhexane

   c>-&)

   .-g.ro

c}-

l}o

   Qgoo.

  Qo-go-o

O-
[]'O-O

  o-III-3,o

o-g-o-o-oo

o-o-g-cFo-o

c-go-

o-
{lo-o-o

  ,,ggbo
   ab

  .Lg-.g.

dy
o-
llli[Iio

･fuum
o-ogoo-o.

ooogo-o-o

o{}o-o

 o-l},g-Q-o-ob

.g.,g,,.
  a b'
,,g.-.g,,

O<be
{}O--

.-.gg.-.

..g.oc

{

{

{

{

{

{

{

{

o

1

o

1

2

1

2
2

1

2

3

1

2
3

1

1

2

2

3

1

2

2

1

2

3

1

2

1

1

2

3

3

3

o

o

o

1

o

o

Oa
Ob

1

1

o

l

la
Ob

2
2

o

Oa
Ob

1

1

2

1

la
lb

2a
2b

1

1

1

1

1

1

 1

 e

 2

 e

-l

 o

-1

 o

-1

-2

 o

-2

 o

-2

-2

 o

-l

-1

 o

-2

-1

 e

-2

-3

-2

1

2

4

3

4

7

6

4

6

8

10

10

8

12

14

5

8

9

13

14

13

le

17

16

12

3.72

4.76

4. 27

5. 73

5. 82

5.41

5. 66

6.71

6.77

6. 83

6. 34

6. 70

6.38

6.58

6. 40

7.73

7. 78

7.74

7. 31

7. 65

7.41

7. 40

7. 51

7. 74

Z77

3. 72

4. 78

4.27

5. 72

5.84

5.41

5. 68

6. 72

6. 7s

6.90

6. 36

'6.6s

6. 32

6. 55

6. 45

7. 72

7. 78

7. 72

7. 36

7. 62

Z38

7. 44

7. 50

7. 68

7. 84

3. 61

4. 73

4.10

5. 72

5. 82

5. 34

5. 61

6.72

6. 76

6.81

6. 31

6.67

6. 45

6. 53

6.39

7.73

7. 76

7. 70

7. 31

7.62

7. 49

7. 47

7.46

7. 69

7. 72

-11.7

+27.8

  9.5

 60. 3

 63. 3

 49.7

 58. 0

 90.0

 91.9

 93. 5

 79. 2

 89. 8

 8e. 5

 86.1

 80.9

11Z 6

118.9

117. 7

le6.8

115.6

109.4

le9.1

112.0

117.7

ll8.5

-11

+28

 10

 60

 63

 49

 58

 90

 92

 95

 79

 89

 78

 85

 82

117

119

117

le8

114

le9

110

111

117

121
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Method with Experimental Data (I) IsoparaMns of C4Hlo "v CgH2,.

Calcd. II

Heat of Vaporization at
Normal Boiling Point

     Ao (Kcal/mol)
 Obsd. Calcd.I Calcd.II

Standard Heat of
   Vaporization

      A2s (Kcal/mol)

Qbsd. Calcd.I Calcd.II

  Criticai Ternperature

       Tc (OK)

Obsd. Calcd.II Calcd.II

 Critjcal Pressure

    Pc (atm)

Obsd. Calcd.I Calcd.II

-15

-F 27

  3

  60

  63

  47

  56

  ge

  91

  92

  78

  89

  82

  84

  80

 117

 118

 117

 le7

 114

 111

 111

 11e

 ll7

 117

5. 089

5.842

5. 438

6. 626

6.758

6.355

6. 595

7.35

7. 42

7. 44

6.98

7.30

Z10

7. 07

6.94

8. 03

8.14

s.Iee

7. 73

8. 02

7. 82

7. 84

7. 82

8. e2

8.19

5. 05

5. 92

5. 52

6. 70

6.79

6, 45

6. 67

7. 41

7.46

7.53

7.16

7. 38

7.13

7.28

7. 22

8.03

8.08

8. e3

7. 80

7.97

7. 82

7. 85

7.88

8.01

8.11

4. 96

5. 88

5. 36

6. 71

6. 78

6. 38

6. 62

7. 42

7. 46

7. 47

7. 12

7. 38

7. 22

7. 29

7.18

8. e4

8. 07

8. 02

7. 77

7. 97

7. 88

7. 87

7. 86

8.01

8. 03

4. 570

5. 878

5.205

7.138

7.235

6.617

6.96Q

8. ,318

8.385

8. 419

7.751

s.184

7. 860

7. 892

7.657

9. 483

9.520

9. 482

8. 912

9. 271

9.026

9. 048

8.971

9.315

9.475

4. 56

5.96

5.32

7.20

7. 35

6. 8e

7.15

8: 40

8. 48

8. 58

7.96

8. 34

7.92

8.16

8. 07

9.44

9. 52

9. 44

9.08

9. 32

9.10

9.14

9.19

9. 42

9.58

4. 38

5.95

5. 33

7. 22

7.35

6. 70

Z10

8. 4e

8.45

8. 48

Z91

8.34

8. 07

8.18

8.00

9. 45

9. 51

9.45

9.03

9.34

9.19

9.19

9.15

9.44

9.45

408. 2

461.0

433. 8

498. 1

504.4

489. 4

500.4

531.1

535.6

540. 8

520.9

537.8

520. 3

536

531.5

561

565

563

552

566

555

550

564

571

567

410

455

436

497

5.02

485

496

532

534

538

520

532

518

527

523

563

565

563

552

561

553

555

557

563
 tt

567

401

457

428

497

500

482

492

531

533

534

518

530

522

526

521

562

563

562

550

558

555

555

555

562

562

36

32.9

31.6

3
Q
30.8

30. 7

31. 0

27. 2

28. 1

28. 6

28. 4

29. 2

27. 4

29. 8

24. 8

25.6

25. 6

25.6

26. 6

25.8

25.0

27. 2

27. 4

26.4

37

34

34

30

30

32

30

28

27

27

28

28

29

28

28

25

25

25

26

26

26

26

26

25

25

38

35

37

30

30

32

31

27

27

27

28

28

28

28

28

25

25

26

26

26

26

26

26

25

25
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Table II. (conti"ued)

Name

Compound

Structural Pattern

  Structural

  Parameters

C2 C3 AP AW

   Effective Carbon

    Number n*

Obsd. Calcd.I Calcd.II

Normal Boiling

   Point
TbO (OC)
Obsd. Calcd.I

    2,2,3-Trimethylpentane

    2,2,4-Trimethylpentane

    2, 3, 3-Trimethylpentane

   2,3,4-Trimethylpentane

   2-Methyl-3-ethylpentane

   3-Methyl-3-ethylpentane

   2,2,3,3-
        Tetrarnethylbutane

Cg 2-Methyloctane

   3-Methyloctane

   4-Methyloctane

   3-Ethylheptane

   4-Ethylheptane

   2,2-Dimethylheptane

   2,3-Dimethylheptane

   2,4-Dimethylheptane

   2,5-Dimethylheptane

   2,6-Di;nethylheptane

   3,3-Dimethylheptane

   3, 4-Dimethylheptane

   3,5-Dimethylheptane

   4,4-Dimethylheptane

   2-Methyl-3-
              ethylhexane

pm
o-
[Ilio-R-c)

tw
a;08.o

mu
o8-o-o-o-o-o-o

oogooooo

o-cogoooo

-{imD
o-{im
o{i-o-
.-g-g-.oo.

   ab

pmb
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.g.-.-.-g.

o-{}o-o

..gg.-..
   a [b

oog.,g-..,

o-
[}o-

.g{im
   ab

{

{

{

{
{

{

{

{

{

{

{

{

{

2
4

1

1

3
3

2
4

2

2

4

3

3
3

1

2

2

3

3

1

2

3

1

2

1

2

1

1

2

3
3

2
2

2

2

4

la
Ob

2a
3b

la
Ob

2a
Ob
2c

2a
Ob

o

o

o

1

1

2

1

2

1

la
lb

2a
3b

la
lb

1

1

1

la
2b

2
2

2

2a
lb

-3

 o

-4

-3

-3

-4

-4

 e

-1

-1

-2

-2

 e

-2

-1

-1

 o

-2

-3

-2

-2

-3

21

18

22

19

17

20

26

26

10

12

16

18

16

18

18

16

12

22

22

20

24

24

7. 43

7. 03

7. 62

7. 57

7. 65

7.76

7.30

8.71

8. 75

8. 69

8. 70

8. 67

8. 23

8. 62

8.32

8. 43

8.41

8. 49

8. 62

8. 43

8.41

8. 51

7.46

6.91

7. 53

7. 40

7. 68

7. 69

7. 38

8. 72

8.78

8. 72

8.84

8. 78

8. 36

8. 62

8.32

8. 50

8. 44

8. 50

8. 62

8. 44

8. 45

8. 62

7.42

7.04

7. 55

7. 53

7. 64

7.66

7. 34

8. 75

8. 74

8. 68

8. 69

8. 60

8.33

8. 60

8.42

8. 51

8. 50

8. 44

8. 62

8.52

8. 35

8. 53

109.8

 99.2

114.8

113.5

115.6

118.3

106. 3

l43.3

144.2

142.5

143.0

141.2

132.7

140. 5

133

136

135. 2

137.3

140.6

136. 0

135.2

138.0

110

 95

112

109

117

117

109

143

145

143

146

145

134

141

133

138

136

138

141

136

136

141
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Calcd. II

Heat of Vaporization at

Normal Boiling Point

     AO (Kca!/rnol)

 Obsd. Calcd.I Calcd.II

Standard Heat of

   Vaporization

      A2s (Kcal/mol)

Obsd. Calcd.I Calcd.II

  Critical Temperature

       Tc (oK)

Obsd. Calcd.I Calcd.II

 Critical Pressure

   Pc (atm)

Obsd.. Calcd.I Calcd.II
i

109

 99

112

7. 69

7. 41

7. 78

7. 87

7. 53

7. 91

7. 84

7. 62

7. 93

8. 823

8. 396

8. 895

9.16

8. 58

9. 23

9.12

8. 75

9. 28

567

544.1

576

555

53,9

558

554

543

558

28. 2

25.5

29.0

26

27

26

27

26

26

112 7. 81 7. 83 7. 92 9.012 9.11 9. 26 568 553 557 27.6 26 27

115

116

107

144

144

142

142

140

133

140

135

138

138

236

141

139

134

139

7.96

7.91

7. 56

8. 76

8. 79

8.75

8.78

8.76

8.31

8. 63

8. 45

8.51

8. 49

8. 44

8. 69

8. 52

8.45

8. 60

8. 01

8.02

7. 82

8.64

8. 68

8.64

8. 72

8. 68

8. 42

8. 58

8. 39

8.52

8. 49

8. 52

8. 58

8. 48

8.49

8. 58

7.98

8. 00

7. 80

8. 66

8. 65

8. 62

8. 62

8. 58

8. 41

8. 58

8. 46

8. 52

8.52

8. 47

8. 59

8. 53

8. 42

8. 53

 9. 270

 g.eso

10.24s

10. 67

le. 69

10. 69

10.71

10.71

10.10

10. 46

le.25

10.25

le.24

10.19

10. 48

10. 27

10.19

le. 48

 9. 42

 9. 43

 9. Ie

10. 52

10.62

10. 52

10. 67

le. 62

10.15

10. 43

10.10

10.33

10.25

10.33

10.43

le.23

10.25

10.43

 9. 37

 9. 40

 9. 05

IO.55

iO.54

IO. 49

10.48

10.40

10.11

lo.4e

10.19

10. 33

10.30

IO.21

10.44

10.34

10.12

le. 34

568

578

544

563

564

553

589

590

589

591

590

580

586

578

583

581

583

586

581'

582

586

560

561

552

591

591

588

589

587

580

587

582

584

584

583

587

585

582

585

27. 4

28. 9

24.5

25

25

26

23

23

23

23

23

24

23

24

24

24

24

23

24

24

23

26

25

27

23

23

23

23

23

24

23

24

24

24

24

23

24

24

24
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Table II. (continued)

Name

Compound

Structural Pattern

  Structural

  Parameters

C2 C3 Ap AW Obsd.

Effective

Number

 Calcd. I

Carben

 n*

 Calcd. II

Normal Boiling

   Poipt

TbO (OC)
Obsd. Calcd.I

2-Methyl-4-ethylhexane

3-Methyl-3-ethylhexane

3-Methyl-4-ethylhexane

2, 2, 3-Trimethylhexane

2, 2, 4-Trimethylhexane

               '
2, 2, 5-Trimethylhexane

2, 3, 3-Trimethylhexane

2, 3, 4-Trimethylhexane

2, 3, 5-Trimethylhexane

2, 4, 4-Trirpethylhexane

3,3,4-Trimethylhexane

3,3-Diethylpentane

2,2-DimethyF3-
          ethylpentane

2,3-Dirnethyl-3-
          ethylpentane

2,4-Dimethyl-3-
          ethylpentane

2,2,3,3-
    Tetramethylpentane

2,2,3,4-
    Tetramethylpentane

2,2,4,4-
    Tetramethylpentane

2, 3, 3, 4-

    Tetramethylpentane

.g.g..

 ab

    b

ogeo--

oSpSoo

o{pa}o

o8{lr3-

o{}38oo

pmbc

OSK'Spe

   a ba

  ac

   bc
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o-

8,-lllo-o

ew
ee-
o-
il-[l3o

{

{

{

{

{

{

{

{
{

{

{

{

{
{

{
{

{

1

3

3

3

4

2
4

1

2

1

1

3
3

2
4
3

2
3
1

1

2

3

4

4

2
5

3
4

2
5

2

3
4

2
5

2

1

l

3
4

3

2a
2b

1

2a
lb

la
lb

2a
3b

la
lb

la
lb

2a
lb
2c

la
2b
2c

3a
2b

la
lb

o

2a
Ob

2a
Ob

3a
Ob
3c

la
Ob

2a
eb
3c

3

3

2a
Ob
2c

-2

-4

-4

-3

-1

 o

-4

-4

-2

-2

-5

-6

-4

-6

-4

-6

-4

 e

-6

22

28

26

28

26

22

30

28

24

28

32

32

32

34

30

38

34

32

36

8. 35

8. 62

8.61

8. 36

8. 07

7.99

8.50

8.56

8.26

8.23

8. 61

8. 83

8. 35

8. 67

8.46

8.60

8. 32

7. 91

8. 65

8. 44

8. 64

8. 68

8. 4e

7. 97

8. e8

8. 48

8. 40

8. 22

8. e5

8. 54

8. 83

8. 47

8. 61

8.34

8.47

8.13

7. 52

8. 49

8.44

8. 54

8. 63

8.36

8.09

8.08

8.46

8. 54

8.35

8.18

8. 56

8. 74

8. 38

8.65

8. 46

8. 48

8. 29

7.66

8.57

133. 8

140.6

140.4

134

126.5

124.1

l37. 7

139.0

131.3

130.6

140.5

146.2

133.8

142

136.7

140.3

133.0

122.3

141.6

136

141

142

135

125

127

138

135

131

126

139

146

137

141

134

137

128

113･

138
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Calcd. II

Heat of Vaporization at

Normal Boiling Point

     Ao (Kcal/mol)
 Obsd. Calcd.I Calcd.II

 Stqndard Heat of
    Vaporization

      A2s (Kcallmol)

Obsd. Calcd.I Calcd.II

  Critcal Temperature

       Tc (eK)

Obsd. Calcd.IICalcd.II

 Criticql Pres$pre

    Pc (atm)

Obsd. Calcd.I Calcd.II

136

139

141

134

127

127

136

139

134

129

139

144

134

141

136

137

132

115

14e

8.52

8. 54

8. 70

8. 31

8. 13

8. 07

8.31

8. 53

8. 32

8. 2e

8.4e

8. 60

8. 32

8. 44

8. 46

8. 43

8. 19

7. 85

8.35

8. 48

8. 59

8. 62

8. 46

8.18

8.25

8. 50

8. 46

8. 33

8. 23

8. 53

8.71

8. 48

8. 58

8.42

8.48

8. 27

7.9e

8. 52

8. 47

8. 54

8. 59

8.43

8. 25

8. 25

8. 48

8. 54

8. 42

8. 31

8. 55

8. 65

8. 44

8. 60

8. 48

8. 50

8.38

8.00

8.55

le. 27

10.28

le.so

10.02

 9. 69

 9.6el

10.09

10.26

 9.900

 9.76

10.Il

10.36

10.04

10.17

10.26

 9. 80

 9. 80

 9.11

 9.98

le.23

10.44

10. 50

10.21

 9.76

 9. 87

10.30

10.21

IO. Ol

 9. 82

10.33

10.66

10.26

10.43

le.14

le.26

 9. 89

 9.26

10.33

le. 21

le.35

10.44

10.13

 9.84

 9. 84

10.23

10.34

10.12

 9.92

10.36

10.54

10.I4

10.45

le. 23

10.27

10.05

 9.38

10.38

581

587

588

580

s69

571

583

58e

575

571

585

591

583

586

579

583

573

556

583

583

586

587

582

573

573

583

586

582

577

586

591

582

587

583

584

579

561

586

24

23

23

24

24

24

24

24

24

24

23

23

24

23

24

24

24

26

24

24

23

23

24

24

24

24

23

24

24

23

23

24

23

24

24

24

25

23
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Table llL Comparison

         Method with

of Valttes of

Experimental

Physical Properties Estirnated by the Recommended

Data (il) IsoparaMns of CioH22 and CiiH24.

    Compound

Name Structural Pattem

 Structural

Parameters

C2 C3 AP AW

 Effective Carbon

 Number n*
Obsd. Calcd.ICalcd.II

Normal Boiling Point

    TOb (eC)

 Obsd. Calcd.ICalcd.II

Cie 2-Methylnonane

   3-Methylnonane

   4-Methylnonane

   5-Methylnonane

   2,2-Dimethyloctane

   2, 3-Dimethyloctane

   2, 4-Dimethyloctane

   2, 5-Dimethyloctane

   2,6-Dimethyloctane

   2,7-Dimethylectane

   3, 3-Dimethyloctane

   3, 4-Dimethyloctane

   3,6-Dimethyloctane

   4, 5-Dimethyloctane

   4-n--Propylheptane

   4--Isopropylheptane

   2--Methyl-5-ethylheptane

   3--Methyl-3-ethylheptane

   2, 2, 4-Trimethylheptane

   2, 2, 6-Trimethylheptane

   2, 3, 3--Trimethylheptane

(ha-oo-o.

oo.,.g-.ooor,

o-o-<)--go-(>-oo

."ggoo.-.m.
 a b'

oT&>-goocyo
 a :b'

o-g-Uo-e
  a 'b

.-goo..g-.".

 a'b
,,-g-.-.oogne.

o-o-ill-II,l-oo--(>-o

...-g-.-.g-oo

.-.-.-g-g..-,,m.

a

a

a

b

b

b

b

 1

2

 2

 2

 1

{
z
{
e
{
5
(
>
{
l
2

(
g
{
:
{g･

3

4

(
}
3

{
i
(
l
{
g

 1

 1

 2

 2

 1

la
lb

2a
3b

la
2b

la
lb

 1
 1

 1

la
2b

 1
 1

 2
 2

 3

2

la
lb

1

2a
4b

la
lb

la
lb

  o

-1

-1

-1

  o

-2

-1

-1

-1

  o

-2

-3

-2

-3

-2

-3

-2

-4

-1

 o

-4

 .7

12

15

16

19

22

23

22

19

14

27

28

24

30

27

34

27

36

34

26

38

9.70

9.74

9. 65

9. 63

9. 59

9.12

9.36

9. 41

9. 41

9.46

9.44

9. 45

9. 48

9.35

9.33

9. 24

8. 86

8.93

9. 41

9. 72

9. 78

9. 72

9. 72

9. 36

9. 62

9. 32

9. 44

9. 50

9. 44

9. 50

9. 62

9. 56

9. 56

9. 72

9. 56

9. 56

9.64

8. 91

9.08

9.48

9. 73

9. 74

9. 67

9. 64

9.35

9. 63

9. 40

9. 43

9. 53

9. 54

9. 44

9. 59

9.54

9. 52

9. 44

9. 38

9.44

9. 50

9. 02

9.12

9. 43

166.8

167.8

165.7

165.1

164.3

153.2

159

160

160.2

161.2

160.8

161.0

161.7

158.6

158.4

l56.3

147

148.9

160

166

168

166

166

158

164

157

160

161

160

161

164

162

162

166

162

162

164

148

152

161

166

167

165

164

158

164

159

160

162

162

160

163

162

162

16e

159

160

161

150

153

160
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Table III. (continued)

    Compound

Name Structural Pattern

Structural

Parameters

C2 C3 AP AW

 Effective Carbon

 Number n*
Obsd. Calcd.I Calcd.II

Normal Boiling Point

   TOb (OC)
Obsd. Calcd.I Calcd.II

2, 3, 6-Trimethylheptane

2, 4, 4-Trimethylheptane

2, 4, 5-Trimethylheptane

2, 4, 6-Trimethylheptane

2, 5, 5-Trlmethylheptane

3, 3, 5-Trimethylheptane

3, 3-Diethylhexane

3, 4-Diethylhexane

2, 2-Dimethyl-4-ethyl-
            hexane

2, 2, 3, 3-

     Tetramethylhexane

2, 2, 3, 4-

     Tetramethylhexane

2, 2, 3, 5-

     Tetramethylhexane

2, 2, 4, 5-

     Tetramethylhexane

2, 2, 5, 5-

     Tetramethylhexane

2, 3, 3, 4-

     Tetramethylhexane

2, 3, 3, 5-

     Tetramethylhexane

2, 3, 4, 4-

     Tetramethylhexane

o-

lll-l,l}o-o-8--o,

  ab
.-g-.mgg....

  a bc

pa,c

  ab

       b

ab

esPOo

bc

 bc

  bc

ab

a

a b/c

c

I 2 la 3 lb -2 29
 1 lc

{ 1 3a      -2 38 2 3b

( 1 2a 3 3b -3 35
 3 lc

{ 1 2a 2 4b -1 30
 1 2c

{ 1 la      -2 34 2 lb

{ 2 2a      -3 39 2 3b

 4 1 -5 44

(2 Z -s 4,

{g'gg -2 3g

{ 3 la      -6 50 4 lb

I 2 2a 5 lb -5 47
 3 3c

{ 2 la 4 2b -3 42
 1 2c

{ 1 2a 3 3b -2 41
 2 lc

{l l o3s

{ 3 2a 4 lb -7 50
 4 2c

{ 3 la 3 2b -4 45
 1 3c

{ 2 3a 5 lb -6 49
 3 2c

9.20 9.34 9.37

9.03 9.00 9.07

 - 9. 22 9. 35

8. 88 8. 92 9. 16

9.11 9.22 9.20

9.27 9.11 9.21

9. 52 9. 78 9. 40

9.44 9.68 9.54

9. 80 9. 03 9. e3

9. 42 9. 42 9. 38

9.25 9.13 9.30

8.91 9.00 9.11

8. 81 8. 81 8. 97

8. 49 8. 72 8. 71

9. 65 9. 40 9. 56

9. 11 9. 03 9. 4e

9.52 9.21 9.41

155.3

151

147.6

152.8

156.8

162.7

160. 7

148

160.3

156. 5

148.4

145. 8

137.5

165.7

153

162.8

157

150

155

148

155

153

168

165

151

159

153

15e

145

143

159

151

155

158

152

157

154

155

155

158

163

151

158

157

155

145

143

162

158

158
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Table III. (continned)

    Compound

Name Structural Pattern

 Structural

 Parameters

C2 C3 AP AW

 Effective Carbon

 Number n*
Obsd. Calcd.I Calcd.II

Normal Boilng Point

   TOb (OC)
Obsd. Calcd.I Calcd.II

   2, 3, 4, 5-

        Tetramethylhexane

   3, 3, 4, 4-
        Tetrarnethylhexane

   3-,Isopropyl-2,4--
           dimethylpentane

   3--Ethyl-2, 3, 4--
          trimethylpentane

   2, 2, 3, 3, 4-

        Pentamethylpentane

   2, 2, 3, 4, 4-

        Pentamethylpentane

Cn 4-Methyldecane

   3-Ethylnonane

   5-Ethylnonane

   2e 4-Dimethylnonane

   3, 4-Dimethylnonane

   4-n--Propyloctane

   3-Methyl--3-ethyloctane

   2, 2, 4-Trimethyloctane

   2, 4, 4-Trimethyloctane

   3-Isopropyl-2-
            methylheptane

   3, 3-Diethylheptane

   3-EthyF3, 5-
          dimethylheptane

   2, 2, 4, 6-

       Tetramethylheptane

   2, 4, 4,6-
       Tetramethy]heptane

   2,2,3,5,5--
        Pentamethylhexane

o-
{}ape

o-o-

S{->

o-

{}i[lo-o

,egpe

awh,o

coo-gor>-o-oo-o

."g-.goo,,-.-.

 ab
fub

a

a

a

b

ab

bc
   a

off}-ge

{2 3g -s "

{44 11 -s s4

{ 2 4a      -5 48 6 eb

{ 3 3a 5 Ob -8 53
 3 3c

{ 3 2a 5 Ob -8 57
 33c ''

{ 2 3a 6 Ob -5 54
 2 3c

 2 2 -1 18

 3 1 -2 24

 32      -2 32
{} Zg -i 28

{g ig -3 34

 3 3 -2 36

 3 1 -4 44

( 1 2a      -1 42 2 4b

{? gg -2 48

( 2 3a      -4 52 5 lb

 4 1 -6 56

{z gg -s ss

I 1 2a 2 5b -1 50
 1 2c
{> 2g -2 s6

( 2 la 4 3b -3 64
 1 2c

9r 19 9･ 12 9. 40

9.84 9.84 9.60

9.27 8.88 9.27

9.71 9.41 9.64

9. 67 9. 38 9. 50

 9.38 8.98 9.06

19.63 10.72 10.67

  - 10.84 10.65

  - 10.78 10.46

 9.93 lo.32 le.39

  - 10.62 10.53

10..03 le.72 10.31

IQ.53 10.64 10.48

 9.88 9.91 10.00

  - 10.00 9.97

 9.93 10.28 le.26

le.57 le.78 10.51

10.26 le.25 10.27

 9.5Q 9.51 9.77

  - 9. 55 9. 75

 9. 66 9. 59 9. 74

155

ye.o

157.0

167

166.1

159.3

188.1

172

l75. 0

187. 5

171.5

172

186.7

18e

162.2

166.0

153

169

147

159

!58

I49

188

l91

!90

180

186

188

187

!71

173

179

190

178

162

163

164

158

l64

157

164

161

151

187

186

184

182

186

180

184

173

172

Y8

186

179

167

167

167
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Table IV. Physical Constants of Isoparaffins: Experimental Test of Recornmended Method.

Property

  I

Range

    Present method

No. of

compd. Average dev.

      i

Maximum dev.

      Other methodsl

Reference Average dev.

   1
No. of

compd.

Normal boiling
point

Heat of
vaporlzatlon at
normal boiling
point

Standard heat
of vaporization
at 2so

Critical

temperature

Critical

pressure

C, to

  Cg

  Clo

  Clt

C, to

  C9

C, to

  Cg

C, to

C4 tO

Cs 32

    34

    41

    le

C, 32

   34

C, 31

   34

Cs 32

Cs 32

-l-1.2e

+2.eo

+3.2o

+3.1o

 ±:O. 09kcal/mole

al 1. 2%

±O.08kcal/mole

±O.9%

±O. 15kcal/mole

±1.8%

±O.13kcal/mole

±1.3%

+5. oo

t O. 93%

-+- 1. 2atm.

±4. 3%

-50 Wiener(8) t1.00
-9o

-100 Greenshields& +l.10
+so Rossini(20)

+O.28 1<cal/mole Nakanishi, Kurata±1.20

               & Tamura(19)

+O. 19 kcal/mole

+O.41 kcal/mole Greenshields & t O.06 kcal/mo]e

               Rossini(2e)

+O. 46 kcal/rnole

-180 Thodos (18) ±5.20

-4atms. Thodos (18) tO.6 atm.

 94

103

 66

30

19

19


