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The chemical thermodynamic properties of isomer groups of monochloroalkanes
from C,H;Cl to CsH,,Cl in the ideal gas phase have been calculated from 298.15 to
1500 K using new Benson group values from Bozzelli. Increments in isomer group
properties per CH, have been calculated to show the extent to which thermody-
namic properties of higher isomer groups may be obtained by linear extrapolation.
Equilibrium mole fractions within isomer groups have been calculated for the ideal
gas state. Values of C;, S°, AH°, and AG° are given for all species of
monochloroalkanes from CH;Cl to CyH;,Cl in ST units for a standard state pressure
of 1 bar. The values calculated here are compared with values published by the
Thermodynamics Research Center (Texas A&M University) on June 30, 1981.
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1. Introduction

Earlier papers in this series have presented isomer
oup thermodynamic properties' for the alkanes?, alkyl-
nzenes®, alkenes!, alkylnaphthalenes®, alkylcyclopen-
nes and alkylcyclohexanes®, alkynes’, alkanethiols®,
<anols’, and polycyclic aromatic hydrocarbons'®! in
e ideal gas state. This paper presents calculations on
e monochloroalkanes. Chemical thermodynamic prop-
ties are given in Stull, Westrum, and Sinke for all
ymers of monochloroalkanes through C,HyCl in the
:al gas state. More recently Rogers" has prepared ta-
:s on all isomers of the monochloroalkanes through
H,;Cl by a combination of statistical mechanics and
: Benson. group method". Here we present calcula-
ns of the thermodynamic properties of all isomers
‘ough CyH;Cl using the Benson group method with
w parameters from Bozzelli'*'%, who has studied cur-
it literature sources, including Pedley, Naylor, and
rby". The principal objective of this article is to calcu-
2 the isomer group properties and to tind the extent to
iich the standard thermodynamic properties of higher
mer groups can be obtained by linear extrapolation.

. Standard Thermodynamic Properties
f isomer Groups of Monochloroalkanes

Vhen isomers are in chemical equilibrium it has been
ywn for some time'®" that they can be aggregated in
sulations of equilibrium mole fractions by use of the
\dard Gibbs energy of formation A(G°(I) of the iso-
: group defined by

AG°(D)=—RTI g exp(—AG;*/RT) '6))

:re A¢G;’ is the standard Gibbs energy of formation of
ndividual isomer and N; is the number of isomers in

group, including stereoisomers. The equilibrium
e fractions r; of various isomers in a group can be
xulated using

r =;’—f;exp[(A,G°(1)—Ath°)/Rﬂ @

re yp is the sum of the mole fractions of the individ-
isomers. The corresponding equations for the other
dard thermodynamic properties C,°(I), S°(I), and
°(I) can be derived by differentiating Eq. 1 with re-
t to temperature’. When standard Gibbs energies of
iation of isomer groups are used to calculate equi-
am constants for reactions of ideal gases the equi-
1m expression is written in terms of equilibrium mole
ions of isomer groups.

i the monochloroalkanes the standard chemical

nodynamic properties for an isomer group are inter-
ed by
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AG D =AH (D) — T[S (D —nSgraptice
—((2n +1)/2)S,— (1/2)S&,)] )]

where 7 is the number of carbon atoms.

To calculate the chemical thermodynamic properties
for an isomer group a term must be included for each
molecular species, including stereoisomers. Fortunately,
the numbers of stereoisomers and non-stereoisomeric
mono-substitution products of paraffins were calculated
by Blair and Henze™ in 1932. Their table was very help-
ful in identifyng all the isomers through C;H;,Cl. An
expanded version of their table of numbers of isomers
through CgH,,Cl is given in Table 1. The isomers are
classified according to whether chlorine is bonded to a
primary, secondary, or tertiary carbon and according to
the numbers of chiral centers (none, one, two, or three).

Table t. Numbers of primary, secondary, and tortiary

isamers of monochloroalkanes

Chiral Primary Secondary Terttary Total
Centers
CH3C1 None 1 1
C2H5C1 None 1 1
C3HTCY None 1 ] 2
C4H9C1 None 2 1 3
Gne 2 2
Total 2 2 1 5
C5H11C) None 3 1 t S
One 2 4 6
Total S ) 1 11
CE6H1I3C) None 5 3 8
One 6 10 16
Two 4 4
Total 11 i4 3 28
C7TH1{5CH None 8 2 4 14
One 16 18 6 40
Two 4 i6 20
Total 28 36 10 74
C8H1T7CH None 14 9 23
One 40 38 14 92
Two 20 52 4 76
Three 8 8
Total 74 98 27 199

Rather than having a line in a thermodynamic table
for each stereoisomer, this article follows the standard
practice of giving properties of racemates. When there is
one chiral center RIn2 is added to the calculated stan-
dard entropy and —RT1n2 to the standard Gibbs energy
of formation of one of the forms. For the
monochloroalkanes with two chiral centers the adjust-
ment of the entropy is R In4 for two centers and R In8 for
three, since none of the species are internally compen-
sated. Therefore, the numbers of lines in tables in this
article is smaller than the total numbers of isomers. The
number of lines in the tables for CH,C], ..., CgH;Cl are 1,
1,2, 4,8, 17, 39, and 89 respectively.

Stull, Westrum and Sinke'? brought together a great
deal of data in making their tables on the
monochloroalkanes, and so those references are not
given here. More recently Cox and Pilcher?' and Pedley,
Naylor, and Kirby'” have evaluated enthalpy of forma-
tion data on monochloroalkanes at 298.15 K.
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3. Calculations of Standard
Thermodynamic Properties of Mono-
chloroalkanes Using the Benson Method

In order to make these calculations, each
monochloroalkane structure was divided into the follow-
ing Benson groups; C(H)(C), C(H)(C), CH)C)s,
C(C)sy C(O)FDCI, C(C)(H)CI, C(C);Cl, and gauche. In
addition the total symmetry number (TSN) and number
of optical isomers (OPT) were tabulated. In view of the
uncertainties in some of these group values indicated by
Benson, the 1,5-H repulsions, which affect only several
of the most highly branched species were omitted. In
calculating symmetry numbers a report by Davies,
Syverud, and Steiner” was very helpful.

Bozzelli* has recently provided the following Benson
group values for monochloroalkanes up to 1500 K.

Group AH® S° (oA
298 298 300 500 800 1000 1500

C-H,,ClL,C —16.80 37.86 8.65 1208 15.15 1647 1846
C-H,C1,C, —1447 1675 847 11.68 1429 1538 16.21
C-CLC, —1441 —6.65 8.09 1169 1347 13.53 13.32

(The group values for S° and C,° are in cal K~! mol™!
and for A;H° in kcal mol~'. The standard state pressure
is 1 atmosphere.)

The assignment of Benson groups was checked by
multiplying the matrix of numbers of groups by a matrix
which had in its first column the number of carbon
atoms in each group, in the second column the number
of hydrogen atoms in each group, and in the third
column the number of chlorine atoms in each group. Ma-

trix multiplication yields a matrix with as many rows 2
lines in the table for that isomer group and three column
giving the numbers of carbon atoms, hydrogen atom:
and chlorine atoms. This check prevents some possibl
errors in the group assignments.

The procedures used in the estimation of chemice
thermodynamic properties of the monochloroalkanes i
the ideal gas state have been destribed in previous arti
cles in this series. The function used to express the hea
capacity as a function of temperature is that used in th
paper on benzene-series polycyclic aromatic hydrocar
bons'®!, The values of H°— Hjy and S° for graphite an
Hy(g), in their standard states were obtained from th
JANAF? tables. '

Table 2 shows how well the chemical thermodynami
properties calculated using the group* values fron
Bozzelli agree with the values from Rogers". The differ
ences between the Rogers values and the values pre
sented here at each temperature were squared, dividec
by the number of pairs of values, and the square root wa:
taken. This yields the root mean square deviations at var
ious temperatures. These differences are distributec
rather randomly and are about what would be expectec
from the Benson method, except for AiG° at 1000 K. The
standard enthalpies of formation of twelve
monochloroalkanes at 298.15 K are given by Pedley.
Naylor and Kirby', and the values calculated here for
eight of these species are within the uncertainty limits

given by Pedley, Naylor, and Kirby.

Rogers' lists 2 (RR’)-chloro-3 (SS')-methylpentane
and 2(RS’)-chloro-(SR’)-methylpentane separately, but
since they have the same thermodynamic properties, they
are combined in the tables here with the name 2(RS)-
chloro-3(RS)-methylpentane and R In 2 has been added to
the entropy value given by Rogers.

Table 2. Root mean square deviations between chloroaikane thermodynamic properties
from the Thermodynamics Research Center and the values presented here
T/K 298.15 300 500 700 900 1000 1100 1300 1500
Standard heat capacity at constant pressure in J/K mol
C2HS5C1 .57 .58 .55 .45 .61 .71 77 .69 .36
C3H7CY .58 .62 1.09 2.72 3.18 3.15 3.18 3.06 3.06
C4HICY .51 .54 1.36 2.62 3.52 3.80 3.79 3.71 3.36
COH1IC]T .38 .33 1.39 2.97 5.13 6.28 ©6.94 8.23 B.6/
C6H13C1H .59 .47 1.68 3.22 5.74 7.10 8.01 Q.46 9.82
Standard entropy in J/K mol
C2HSC1 .51 .51 .18 .01 11 .18 .25 .38 .46
C3H/U .40 .4 L1 A 1.4%6 1.79 2.10 2.62 3.06
C4H9CH 2.85 2.86 3.10 2.85 2.74 2.75 2.85 3.14 3.41
C5H11C1 3.56 3.57 3.98 4.11 4.47 4.77 5.16 6.07 6.98
C6H13C1 6.40 6.39 6.84 7.11 7.74 8.24 8.80 10.04 11.22
Standard enthalpy of formation in kdJ/mo)l
C2H5C) .50 .50 .61 .70 .79 .87 .97 1.13 1.21
C3H7C1 .85 .85 .92 .69 .66 .85 1.12 1.68 2.25
C4H9C1 2.10 2.11 2.13 2.12 2.25 2.48 2.76 3.34 3.87
C5H11C1 1.75 1.75 1.78 1.86 2.26 2.72 3.32 4.70 6.21
ceH13C1 3.25 3.25 3.28 3.44 3.88 4.35 4.99 6.43 7.99
Standard Gibbs energy of formation in kJ/mot
C2H5C1 .65 .65 .69 .71 .69 4.97 .69 .63 1.05
C3H7CY .95 .96 .90 .92 1.08 11.13 1.46 1.91 2.92
C4H9C1 2.11 2.12 2.27 2.58 2.95 16.54 3.32 3.70 3.99
C5H11C1 1.42 1.43 1.60 2.15 2.87 21.85 3.64 4.60 $.30
C6H13C1 2.78 2.78 3.15 4.04 5.26 27.73 6.63 8.34 9.87

J. Phyvs. Chem. Raf. Data Unl 10 Na 2 <Q00
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4. Tables of Standard Thermodynamic
Properties of Isomer Groups of
Monochloroalkanes

The conversion of thermodynamic properties from 1
tm to 1 bar is discussed in earlier papers in this series
nd in the NBS Tables™.

‘I'he remaining tables in this paper have all been calcu-
ited using values for CH,Cl from Chase, et al.”. The values
1 the tables here for C,H;Cl to CgH ,Cl have been calculat-
1 with the Bozzelli group values. Tables 3 to 8 give isomer
roup properties and the increments per carbon atom. Table
gives H°(L,T)-H °(1,298.15 K), the standard enthalpy for
n isomer group relative to the isomer group at 298.15 K.
able 8 gives values for H°(I,7)-H°(1,298.15
0 + A[SB:yf1H(1,298.15 K), the standard enthalpy of
yrmation for the isomer group relative to the elements at
98.15 K. This quantity allows the direct calculation of heat
Tects when the reactants and products are at different tem-

eratures.
The increments per carbon atom arc of intcrest be-

wuse they indicate the extent to which we can estimate
iermodynamic properties of isomer groups of higher
irbon numbers.

5. Equilibrium Mole Fractions Within
Isomer Groups of Monochloroalkanes

The equilibrium mole fractions within isomer groups
alculated from standard Gibbs energies of formation are

given in Table 9 for the monochloroalkenes in the ideal
gas state. Since the uncertainties in A¢G°(I) and AG;° are
about the same, the uncertainty in the difference is
nearly independent of the relative values of the two
parameters, but the absolute uncertainty does increase
with temperature. The usual equation for the propaga-
tion of variance indicates that the equilibrium mole frac-
tions are umcertain by about 15% at the lower
temperature and 10% at the higher temperatures. This
makes it difficult to indicate the uncertainties in the
table. It could be done by using exponential notation, but
this makes it difficult to compare the mole fractions of
various isomers.

Compounds are named in tables according to the IU-
PAC Revised and Collected Recommendations for the
Nomenclature of Organic Chemistry, 1979%.

6. Standard Thermodynamic Properties
of Individual Species of
Monochloroaikanes

The values of C;, S°, AdH°, and AG” for all the
monochloroalkane species through CgH,,Cl are given in
Tables 10 to 13 in SI units for a standard state pressure of
1 bar. The values for chloromethane are from Chase, et
al.®, and the other values have been calculated using the
Bozzelli values in the Benson method. The values for
chiral forms are for the racemates.

Table 3. Standard heat capacity at constant pressure for chloroaltkane
isomer groups in J/K mol
T/K CH3C1 C2HS5C1 C3H7C1 C4H3aC1 C5H11C1 C6H13C1H C7H15C C8H1{7C1
298.15 40.79 G1i.84 291.26 115.04 142.9 173.9 199. 41 220.2
300.00 40.86 62.10 91.65 115.74 144.8 174.7 200.3 221.2
500.00 55. 15 89.83 135.03 205.84 230.5 263.3 298.1 331.2
700.00 66.61 110.22 162.54 235.80 266.2 311.7 353.6 396.7
900.00 75.29 124.73 180.69 243.83 288.3 340.0 388.6 438.3
1000.00 78.85 130.52 187.90 248.94 297.9 351.7 403.0 455 .1
1100.00 81.95 135.58 194 .23 254 .48 306.8 362.2 415.8 469.9
1300.00 87.04 144 .03 204 .92 265.47 322.3 380.6 437.8 495.2
1500. 00 90.94 150.83 213.63 275.44 335.4 396.0 455.9 516.0
Table 3a. Increments per carbon atom
T/K c2-CH C3-C2 C4-C3 C5-C4 C6-C5 C7-C6 c8-C7
298.15 21,414 29.42 23.78 28.9 30. 25.6 20.7
300.00 21.24 29.55 24.10 29.0 29.9 25.6 20.8
500.00 34.68 45.20 70.81 24.6 32.8 34.8 33.2
700.00 43.61 52.32 73.26 '30.4 45.4 41.9 43.2
900.00 49 .44 55.96 63.14 44 .4 51.8 48 .6 49.7
1000.00 51.67 57.38 61.05 49.0 53.8 51.3 52.1
1100.00 53.63 58.65 60.25 52.3 55.5 53.5 54.2
1300.00 56.99 60.89 60.55 56.9 58.3 57.2 57.5
1500.00 59.89 62.79 61.81 60.0 60.6 59.9 60.1

J. Phys. Chem. Ref. Data, Vol. 19, No. 2, 1990
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standard entropy for chloroalkane isomer groups in J/K mol

Table *.

T/K CH3C1 C2HS5C1 C3H7CI C4H9C1 C5H11C1t C6H13C1 C7H15C1 C8H17CI
298. 15 234.37 276.62 307.48 317.94 368.0 407.7 450.7 494 .2
300.00 234.62 277.00 308.04 318.66 368.9 408.8 451.9 495.6
500.00 258.88 315.40 365.43 399. 12 464 .8 519.7 578.2 635.5
700.00 279.34 349.07 415.62 474 .84 548.9 616.9 688.3 758.4
900.00 297.18 378.61 458.78 535.03 618.6 698.9 781.6 863.4
1000.00 305.30 - 392.06 478 .20 560.98 649.4 735.3 823.3 910.5
1100.00 312.96 404.74 496 .41 584 .96 678.3 769.3 862.3 954.6
1300.00 327.08 428. 10 529.76 628.38 730.8 831.4 933.7 1035.2
1500.00 339.82 449 .21 559.71 667.08 777.9 887.0 997.6 1107.6

Table 4a. Increments per carbon atom

T/K c2-C1 C3-C2 C4-C3 C5-C4 C6-CS c7-c6 = C8-C7
298. 15 42 .25 30.86 10.47 50.1 39.7 43.0 43.6
200.00 42.38 31.04 10.62 50.3 39.9 43.1 43.7
500.00 - 56.52 50.03 33.69 65.7 54.8 58.6 57.3
700.00 69.73 66 .55 59.22 74 .1 68.1 71.4 70.1
900.00 : 81.43 80.17 76.25 83.5 80.3 82.7 81.8

1000.00 B6.76 86. 14 82.78 88.5 85.9 88.0 87.2

1100.00 91.78 91.67 88 .55 93.3 291.1 93.0 92.2

1300.00 101.02 101.65 98.62 102.4 100.6 102.2 101.6

1500.00 109.39 110.50 107.37 110.8 109.1 110.6 110.0

Table 5. Standard enthalpy of formation for chioroalkane isomer groups in kJ/mol

T/K CH3C1 C2H5C1 C3H7C1 C4HSC1 CS5H11C1 C6H13C1 C7TH15C1 C8H17C1
298. 15 -83.68 -112.97 ~-145.63 -188.19 -205.1 -229.5 -251.5 -273.5
300.30 -83.73 -113.05 -145.72 -188.31 -205.2 -229.7 -251.7 -273.7
500.00 -88.73 -120.57 -153.05 195. 16 214.2 241.0 265.1 289.9
700.00 -92.30 -125.46 ~158.10 -193.45 -216.8 -244.8 -270.4 -296.8
900.00 -94.63 -128.33 -160.00 -191.72 -217.3 -245.5 -271.9 -298.8

1000.00 -95.41 -129.19 -160.31 -190.96 -217.0 -245.0 -271.5 -298.5

1100.00 -96.00 -129.74 -160.30 -190. 13 -216.3 -244 .1 -270.6 -297.5
1300.00 -96.69 -130. 11 -159.46 -187.99 -214.0 -241.1 -267.3 -293.7

1500.00 -86.94 -129.74 -157.79 -185.17 -210.6 -236.9 -262.4 -288.2

Table 5a. Increments per carbon atom

T/K c2-Ct C3-C2 C4-C3 c5-C4 C6-C5 C7-Cé6 c8-C7
298. 15 -29.29 -32.66 -42.56 -16.9 -24.5 -22.0 -22.0
300.00 -29.32 -32.67 -42.59 -16.9 -24.5 -22.0 -22.1
500.00 -31.84 -33.28 -41.31 -19.1 -26.8 -24.0 -24.8
700.00 -33.16 -32.64 -35.35 -23.3 -28.1 -25.6 -26.3
900.00 -33.70 -31.67 -31.72 -25.6 -28.2 -26.4 -26.9
1000.00 -33.78 -31.13 -30.65 -26.0 -28.0 -26.5 -26.9
1100.00 -33.74 -30.56 -29.83 -26.2 -27.8 -26.5 -26.8
1300.00 -33.42 -29.35 -28.53 -26.0 -27 .1 -26.2 -26.4
1500.00 -32.80 -28.06 -27.38 -25.4 -26.3 -25.5 -25.7
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Table 6. Standard Gibbs chergy of formation for chloroalkane isomer groups
in kd/mol
T/K CH3C1 C2HS5C1 C3H7C1 C4H9aC1 CSH11C1 C6H13C1 C7H15C1 C8H17C1
298. 15 -60.15 -61.36 -62.54 -67.55 -58.7 -54.3 -48.4 -42.8
300.00 -60.00 -61.04 -62.03 -66.81 -57.8 -53.2 -47.2 -41.3
500.00 -42.72 -24.13 -3.72 16.82 43.6 68. 1 93.5 118.7
700.00 -23.64 15.40 57.18 101.39 147 .3 192.6 238.0 283.6
800.00 -3.69 56.05 118.97 185.37 251.3 317.6 383.5 449.7
1000.00 6.46 84 .61 162.02 243.27 323.5 404 .2 484 .4 565.0
1106.20 16.67 97.20 181.03 269.01 355.4 442.7 529.1 616.0
1300.00 37.23 138.51 243.05 352.35 459 .2 567.3 674.3 781.9
1500.00 57.85 179.84 304 .08 435 .31 562.6 691.5 818.8 947.0
Table 6a. Increments per carbon atom
T/K C2-C1 C3-C2 C4-C3 C5-C4 C6-C5 C7-C6 c8-C7
298. 15 -1.21 -1.19 -5.01 8.8 4.4 5.9 5.7
300.00 -1.04 -.99 -4.78 9.0 4.6 6.1 . 5.8
500.00 18.59 20.41 20.54 26.8 24.5 25.4 25.3
700.00 39.04 41.78 44 .21 45.9 45.3 45.5 45.6
Y00. UL 59Y.74 62,42 66 .40 66.0 66.3 65.9 66..2
1000.00 78.15 77.41 81.25 80.2 80.8 80. 1 BO.6
1100.00 80.53 83.83 87.99 86.4 87.2 86.4 86.9
1300.00 101.28 104 .53 109.30 106.9 108. 1 106.9 107.6
1500 00 121 99 195.04 130.42 127.3 128.9 127.4 128.2
Table 7. Standard enthalpy for chloroalkane isomer groups relative to isomer
groups at 298.15 K in kJd/mol
T/K CH3C1 C2H5C1 C3H7C1 C4H9C1 C5H11C C6H13C1 C7H15C1 C8H17C1
298.15 .00 .00 .00 .00 .0 .0 .0 .0
300.00 .08 1 A7 .24 .3 .3 .4 .4
500.00 9.69 15.39 23.02 32.51 38.6 44 .5 50.7 56. 1
700.00 21.92 35.51 53.00 77.68 88.7 102.6 116.4 129.6
S00.00 36.15 59.08 87.42 125 .61 144 .3 167.9 190_8 213. 3
1000.00 43.87 71.85 105.86 150.25 173.6 202.5 230.4 258.0
1100.00 51.91 85.17 124.97 175.42 203.8 238.2 271.4 304.2
1300.00 68.83 113.16 164.93 227..42 266.8 312.6 356.8 400.9
1500.00 86.64 142.67 206.81 281.54 332.6 390.3 446.2 502.0
Table 7a. Increments per carbon atom
T/K c2-C1 C3-C2 C4-C3 C5-C4 C6-C5 C7-Cé6 c8-C7
298. 15 .00 .00 .00 [0) .0 (o] .0
300.00 .04 .05 .04 NS A .0 .0
500.00 : 5.70 7.63 9.50 6.1 5.9 6.2 5.5
700.00 13.59 17 .49 24.68 11.1 13.8 13.8 13.1
900.00 22.93 28.34 38.19 18.7 23.6 22.9 22.5
1000.00 27.99 34.01 44 .39 23.3 28.9 27.9 27.6
1100.00 33.26 39.81 50.44 28.4 34.4 33.1 32.9
1300.00 44 .32 51.77 62.50 39.4 45.8 44 .2 44 .1
1500.00 56.03 64.14 74.72 51.1 57.7 56.0 55.8

. Phys. Cheni. Ref.vData, Vol. 19, No. 2, 1990
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Table 8. Standard enthalpy for chlorocalkane isomer groups relative to
the elements at 298.15 K in kJ/mol

_—— - ——————

T/K CH3C1 C2H5CY C3H7C1 C4H9C1 C5H11C1 C6H13C1 C7H15C1 C8H17C1
298.15 -83.68 -112.97 -145.63 -188.19 -205.1 -229.5 -251.5 -273.5
300.00 -83.60 -112.85 -145.46 -187.98 -204.8 -229.2 -251.1 -273.1
500.00 -73.99 -97.58 -122.61 -1565.68 -166.5 -185.0 ~-200.8 -217.4
700.00 -61.76 ~77.45 -92.63 -110.51 -116.4 -127.0 -135. 1 -144.0
900.00 -47.53 -53.89 -58.21 -62.58 -60.8 -61.6 -60.7 -60.2
1000.00 -39.81 -41. 11 -39.77 -37.94 -31.5 -27.0 -21.1 -15.5

1100.00 -31.77 -27.80 -20.65 -12.77 - -1.3 8.7 19.9 30.7
1300.00 -14.85 .19 19.30 39.23 61.7 83.0 105.3 127.3
1500.00 2.96 29.70 61.18 93.35 127.5 160.7 194.7 228.5

Table 8a. Increments per carbon atom

T/K c2-CHt c3-¢2 Ca-C3 c5-C4 C6-C5 C7-Cé c8-C7
208.15 -29.29 -32.66 -42 .56 -16.9 -24.5 -22.0 -22.0°
300.u0 -29.25 -32.61 -42 .52 -16.8 -24.4 -21.9 -22.0
500.00 . -23.59 -25.03 -33.06 -10.8 -18.5 -15.8 -16.6
700.00 -15.70 -15.17 -17.88 -5.8 -10.6 -8.1 -8.9
900.00 -6.35 -4.32 -4.37 1.7 -.8 .9 .5

1000.00 -1.30 1.35 1.82 6.4 4.5 5.9 5.6

1100.00 3.97 7.15 7.88 11.5 9.9 11.2 10.9

1300.00 15.04 19. 11 19.93 22.5 21.3 22.3 22.0

1500.00 26.74 31.48 32.16 34.2 33.2 34.0 33.8
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