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TABLE S-I. Measured densities of PVP solutions and parameters of Eq. (1) at various
temperatures; the densities are given as mean + standard deviation

o Pexp ! € cm
T/°C b ARE P RMSE R?
a4 ¢ w=01 w=02 w=03 w=045

K25 + water

20 0.977-0.551 1.93 -0.0051 0937+ 0955+ 0976+ 1.122+ 0.015210.9892
0.001 0.001 0.001 0.001

25 0.973-0.530 1.90 -0.0058 0935+ 0955+ 0975+ 1.121+ 0.016210.9878
0.002 0.001 0.001 0.001

30 0.972-0.531 1.89 -0.0052 0934+ 0953+ 0974+ 1.119+ 0.015340.9890
0.001 0.002 0.002 0.001

35 0.970-0.525 1.88 —-0.0051 0932+ 0951+ 0972+ 1.116+ 0.015200.9890
0.002 0.001 0.001 0.001

40 0.968-0.524 1.88 —-0.0058 0930+ 0950+ 0970+ 1.115+ 0.016210.9878
0.001 0.001 0.001 0.002

45 0.967-0.544 1.92 -0.0057 0.928+ 0.947+ 0967+ 1.113+ 0.015950.9881
0.001 0.001 0.001 0.002

50 0.964-0.531 1.88 —-0.0053 0926+ 0945+ 0965+ 1.109+ 0.015670.9882
0.001 0.001 0.001 0.001

55 0.962-0.525 1.87 -0.0055 0924+ 0943+ 0963+ 1.106=+ 0.015530.9883
0.001 0.001 0.001 0.001
K40 + water

20 0.974-0.506 1.86 —0.0042 0938+ 0957+ 0981+ 1.125+ 0.013780.9912
0.001 0.001 0.001 0.001

25 0.971-0.499 1.86 —0.0043 0936+ 0956+ 0980+ 1.125+ 0.014180.9909
0.001 0.001 0.001 0.002

30 0.972-0.518 1.88 —0.0045 0935+ 0954+ 0977+ 1.122+ 0.014390.9905
0.001 0.001 0.001 0.001

* Corresponding author. E-mail: m_taghizadehfr@yahoo.com
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TABLE S-I. Continued

e} pex / g cm_3
T/°C b ARE p RMSE R
“ ¢ w=01 w=02 w=03 w=045

K40 + water

35 0.968-0.493 1.83 —0.0045 0.933+ 0953+ 0976+ 1.119+ 0.014370.9903
0.001 0.001 0.001 0.001

40 0.965-0.486 1.82 —0.0044 0931+ 0951+ 0974+ 1.116+ 0.014230.9904
0.001 0.002 0.002 0.001

45 0.963-0.480 1.80 —-0.0044 0.929+ 0949+ 0972+ 1.113+ 0.014100.9905
0.001 0.001 0.002 0.001

50 0.961-0.486 1.80 —0.0048 0927+ 0947+ 0.969+ 1.110=+ 0.014570.9897
0.001 0.001 0.002 0.001

55 0.959-0.486 1.80 —0.0049 0.925+ 0945+ 0967+ 1.108% 0.014570.9897
0.001 0.001 0.002 0.002
K25 + ethanol

20 0.80 —0.63 2.34 —0.0200 0.755+ 0.787+ 0.807+ 0.994+ 0.025080.9819
0.001 0.001 0.001 0.001

25 0.79 —0.60 2.31 -0.0189 0.751+ 0.784+ 0.806+ 0.993 + 0.024400.9832
0.001 0.001 0.001 0.001

30 0.79 —0.60 2.31 —0.0190 0.747+ 0.780+ 0.802+ 0.989+ 0.024400.9832
0.000 0.002 0.002 0.001

35 0.78 —0.60 2.30 —0.0200 0.742+ 0.776 £ 0.798 £ 0.986 + 0.024800.9829
0.001 0.001 0.001 0.001

40 0.78 —0.59 227 -0.0180 0.739+ 0.772+ 0.795+ 0.980+ 0.023650.9841
0.002 0.001 0.001 0.002

45 0.78 —0.61 230 —0.0170 0.737+ 0.768+ 0.792+ 0.977+ 0.022650.9853
0.001 0.002 0.001 0.003

50 0.78 —0.60 2.28 —0.0170 0.733+ 0.765+ 0.787+ 0.971+ 0.023720.9836
0.001 0.001 0.001 0.001

55 0.77 -0.61 231 -0.0170 0.730+ 0.761+ 0.784+ 0.969+ 0.023130.9846
0.000 0.001 0.001 0.000
K40 + ethanol

20 0.723 0.230 0.890 —0.0684 0.766+ 0.774+ 0.898+ 1.001 £ 0.041990.9531
0.001 0.001 0.001 0.002

25 0.719 0.245 0.877 —0.0713 0.763+ 0.771+ 0.897+ 1.000+ 0.042930.9518
0.001 0.001 0.001 0.003

30 0.705 0.315 0.770 —0.0732 0.756+ 0.767+ 0.896+ 0.997+ 0.043840.9512
0.000 0.001 0.001 0.001

35 0.703 0.328 0.728 —0.0722 0.754+ 0.766+ 0.893+ 0.992+ 0.042910.9519
0.001 0.001 0.000 0.001

40 0.702 0.314 0.743 —0.0797 0.753+ 0.762+ 0.891+ 0.988 + 0.044920.9467
0.001 0.002 0.001 0.001

45 0.699 0.314 0.730 —0.0813 0.750+ 0.758+ 0.887+ 0.982+ 0.045460.9443
0.001 0.001 .001 0.002

50 0.691 0.353 0.669 —0.0829 0.745+ 0.755+ 0.885+ 0.979+ 0.045550.9448
0.001 0.001 0.003 0.003

55 0.686 0.353 0.681 —0.0841 0.740+ 0.750+ 0.881+ 0.976+ 0.045880.9449
0.000 0.000 0.002 0.003
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TABLE S-II. Measured viscosities of PVP solutions and parameters of Eq. (2) at various
temperatures; the viscosities are given as mean + standard deviation

Nexp / MPa s
w=0.1 w=02 w=03 w=045
K25 + water
20 293 5488 —29874 53494 —-1.8x10712 10.5+ 37.6 109.2 1002  1.00
0.4 +1.5 +43 +22.6

T/°C a b c' d ARE R?

25 —239 4500 —24344 43395 -3.5x10°12 104 33.9 91.2 810.2 1.00
+0.1 +1.5 +3.0 +23.0

30 —185 3503 —18857 33736 —0.31x1012 9.9 30.6 79.0 646.3  1.00
+0.3 +1.1 +2.5 +29.2

35 —138 2647 —14243 25824 2.4x10°12 9.3 27.6 70.8 521.6  1.00
+0.2 +1.3 +2.5 +15.3

40 —107 2081 —11220 20508 2.2x10-12 8.8 23.9 60.7 4257 1.00
+0.2 +09 +13 +11.0

45 —83 1633 —8828 16368 —0.29x10°12 8.1 + 21.2 542+ 3557+ 1.00
0.2 +0.5 2.7 7.9

50 —54 1111 —-6108 11870 1.7x10°12 7.7 18.8 50.1 290.9 1.00

+0.1 +0.7 +19 +6.9

55 —48 977 -5194 9840 3.3x10°12 7.2 18.0 43.1 2364 1.00
+0.2 +0.5 +1.9 +3.8

K40 + water

20 —371 7074 —39495 71794 -9.7x10°10 132 384 135.2 1357 1.00
+0.2 +2.0 +3.2 +28.5

25 —261 5029 —27988 51272 —1.5x1010 125 34.6 112.3 1005.8 1.00
+0.4 +1.1 +4.5 +15.0

30 210 4119 -23205 42734 —0.63x1010 12.0 26.8 90.4 808.0 1.00
+0.2 +24 +2.8 +15.1

35 —177 3475 -19573 36080 —0.20x10-10 10.7 23.6 78.0 710.9 1.00
+0.3 +1.1 +3.3 +19.8

40 —117 2349 —13219 24784 —0.98x10710 9.9 21.7 66.6 521.1  1.00
+0.1 +0.8 +0.9 +10.3

45 —93 1887 —10655 20235 —0.81x10°10 9.1 19.8 60.3 4423  1.00
+0.3 +0.1 +2.1 +114

50 -82 1657 -9256 17461 -8.71x10°10 83 18.6 53.2 380.2 1.00
+0.1 +0.6 +0.8 +7.0

55 —66 1347 -7473 14086 —0.75x10710 7.8 16.9 45.6 310.3  1.00

+0.2 +0.3 +1.5 +34
K25 + ethanol

20 -285 5458 -30095 54301 —1.1x107'2  13.9 37.0 1099+ 1025.0+ 1.00
+02 £2.0 32 30.1

25 —220 4244 23462 42930 -0.52x10"12 122 333 1003+ 8504+ 1.00
+04 =£1.1 4.5 16.3

30 ~176 3407 —18803 34581 -2.8x10712 11.2 29.9 87.6+ 7009+ 1.00
+02 £2.1 2.8 15.1

35 ~136 2704 -15159 28334 -0.09x10°'2 10.9 24.9 757+ 5929+ 1.00

+0.3 +1.1 33 19.8
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TABLE S-II. Continued

Nexp / MPa s

T/°C a b’ c d ARE R2
w=0.1 w=02 w=03 w=045
K25 + ethanol
40 —101 2041 —1138821506 —0.26x10"12  10.0 23.1 66.4 470.6  1.00
+0.1 +1.0 +0.9 +9.5
45 —87 1748 —9601 17899 —0.2x10-12 9.1 21.3 56.2 386.2 1.00
+0.3 +0.3 +23 +114
50 —51 1092 —6158 12150 0.58x10°12 8.3 17.8 50.0 300.1 1.00
+0.1 +0.6 +0.9 +7.0
55 —56 1158 —6435 12340 —0.84x10"12 7.9 17.0 45.6 286.7 1.00
+0.2 +0.3 +1.5 +4.0
K40 + ethanol
20 -382 7174 -39190 69001 31x10-13 123 37.0+1.5 106.0 1198.0 1.00
+0.3 +43 +36.5
25 —295 5576 —30373 53665 36x10°13 11.8 33.9 92.5 9533 1.00

+0.1 +1.5 +3.0 +31.3
30 —241 4571 —2489044196 —25x10713 11.2 31.0 83.4 803.0 1.00
+0.3 +1.5 +2.5 +29.2

35 —180 3434 -1869933612 5.2x10'13  10.0 27.7 74.8 641.7 1.00
+0.1 £123 +25 153

40 —135 2639 —1453726577 6.0x10°13 9.6 19.2 65.5 5303  1.00
+0.2 +09 +13 +10.8

45 —111 2156 1165021105 0.26x10°13 8.8 23.5 56.8 423.1  1.00
+02 £05 +2.5 +79

50 -84 1671 -9134 16840 -5.3x1013 8.2 22.7 49.6 352.7  1.00
+0.1 £0.7 +1.9 +6.9

55 —61 1232 -6685 12551 2.6x10°13 7.7 18.2 45.6 283.1 1.00

+0.2 +0.5 +1.9 +5.5

Thermodynamic model for solvent activity

A thermodynamic model based on the Eyring absolute rate theory was
proposed to calculate the activity of solvents in binary PVP polymer solutions.!
Generally, measuring the viscosity and density of polymer solutions are much
easier than measuring the solvent activity. For this reason, in this model, the
viscosity and density of the polymer solution were used to calculate the solvent
activity.

According to the Eyring viscosity model, the viscosity of a liquid solution is
calculated by the following equation:2-3
E

n(7v) = 3 3 In(vp) + 5. (s-1)

RT

1
where 7, v, ; and v; are the viscosity, molar volume of the solution, viscosity of
pure component i and molar volume of pure component i, respectively. X; is the
molar fraction of component i in the mixture, 7 is the absolute temperature, R is
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the gas constant and g*E is the excess Gibbs energy of viscous flow required to
move the fluid particles from a stable state to an activated state.

There is an equivalence relationship between the excess Gibbs energy (g*)
and the equilibrium excess Gibbs free energy of mixing (g):

E
£ =In(7v) = Y % Inzv;) (8-2)
RT :
The first and second terms on the right-hand side of Eq. (2) are related to the
real viscosity of the solution and the ideal viscosity of the solution, respectively.
In this paper, dimensionless terms were used instead of the real and ideal
viscosity as follows:

g_: (771)) _Z xl (77101) (8_3)
RT (7RrWR) TIRUR
where #R and vR are the viscosity and molar volume of a reference component,

respectively. In this work, component 2 was selected as the reference component.
Thus:

i

RT (mw) ‘Z mw

i:{ nv j_[xﬂhvlj_(xzﬂzvz) (S-5)
RT \mu, UpX) UpX)

Hence, the viscosity and density values of components 1 and 2 are required
to calculate the excess Gibbs free energy by Eq. (S-5). The density and viscosity
of the solutions that were used to verify the model were measured experimentally
and fitted by quadratic equations.

On the other hand, activity coefficient of the solvent (y) can be expressed as
a function in terms of the excess Gibbs energy:

g ) xnmn) 54)

E

RTlny =gt +(1—x1)ai (S-6)

Bxl

E E

g"  (l-x)dg
ny=5_+ 115 S-7
SR TR ox, -7)

With respect to the relationship between ap (activity of the solvent) and y;
(activity coefficient of the solvent) (a; = x1y1), by determining the term dg£/ox;
and substituting the term 0gZ/0x; into Eq. (S-7), one obtains the following
relation:
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1— E
lnalz( n J_(xmm]_lxznzvz}r( x1) dg vinx (S9)
M m v RT  ox

£ (a'+b'w+c'w2+d'w3)(mlxl+mzxzzj
& _ a+bw+cw _(xlmvlj_(xznzvz
RT mv2 mv2 mv2

j (8-9)

__ ma(l=x)
myxy +my(l1—x)

’ ’ ’ ' mxy +nmox
(a’+bw+cw? +d'w3) A T2
a+bw+cw?

In a =
mvy

_[xlﬂlvl j_(xzﬂzvz j N (1-x) 9gE
UpX%) X%

This model can predict the solvent activity in binary mixtures by using
experimental density and viscosity values.

(S-10)

Thermodynamic model for surface tension

A thermodynamic model based on the Butler Equation® for the prediction of
the surface tension of binary polymer solutions is presented. For calculating the
surface tension of a polymer solution, it is assumed that one phase is configured
at the surface. The chemical potential of component 1 in the bulk of a non-
electrolyte binary solution is expressed as follows:

My =1 +RT Inay, (S-11)

where ﬂlob and ajp are the standard chemical potential and the activity of
component 1 in the bulk phase, and R and T are the gas constant and temperature,
respectively.

The chemical potential of component 1 at the surface phase can be
calculated using the following equation:

My =1 + RTIna  — 04 (S-12)

where ,ug is the standard chemical potential at the surface, and ¢ and a1 are the
surface tension of the solution and the activity of component 1 at the surface
phase, respectively, while 4 is the molar surface area (cm? mol~!) of component
1 in solution.

The following equation is used for the pure components:
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-l =04, (S-13)

where 41 and o are the molar surface area and surface tension of component 1,
respectively.

At equilibrium, the chemical potential of component 1 in the bulk and
surface phases are equivalent:

thy = iy (5-14)
By combining the above equations, the following equation is obtained:
oA =0, 4 +RTIh s (S-15)
alb

The activity of component 1 in both the bulk and surface phases is achieved
using the activity coefficients:

o4 =0y Ay + RTIn 15 7s. (S-16)
X1b Vb
where x1p, X1s, ¥1b and y1¢ and are the mole fraction of component 1 in the bulk,
the mole fraction of component 1 at the surface, the activity coefficient of
component 1 in the bulk and the activity coefficient of component 1 at the
surface, respectively. Equation (S-16), which is known as the Butler Equation,
could be written as the following:*

X
o=0p + 7L Js s (S-17)
A x1b b
The molar surface area is determined by the UNIFAC method as follows:
4;=2.5x109 " 0Ok (S-18)

where Oy and vy are the UNIFAC parameter and the number of group £, res-
pectively. Here, 2.5x10° is a normalization factor.

To calculate the activity of each component at the surface and in the bulk of
a binary liquid mixture, the Flory-Huggins Equation? is used:

Ing =Ingy +(1—%)(p2 + 102 (S-19)

Inay =Ing,y +(1 —%)(pl + 00? (S-20)

where a and a; are the solvent activity and polymer activity, ¢ and ¢, are the
volume fraction of the solvent and polymer, v; and v, are the partial molar
volume of the solvent and polymer, respectively, and y; and y; are the interaction
parameters between the polymer and the solvent.
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A polymer molecule consists of » elements. Theoretically, the volume of a
polymer element is equal to the volume of a solvent molecule.® Thus, the volume
of one mole of polymer is » times larger than the volume of one mole of solvent:

B _, (s-21)
(%1
The interaction parameter is obtained from the following equation:
(0 -5)*y
= S-22
¥4l RT (5-22)

Equation (S-17) can be written for component 1 and 2 according to the following
assumptions:

A=4=A4

Vs =1b =1 (5-23)
(0'2_0'1)+E1nx1_b+ﬂ &:O

A xp A4 xs

If the first and second terms of Eq. (S-23) are equal to Cj,, the following
equation is obtained:

A
Xps = X5 €Xp(=Cyp ﬁ) (5-24)

Therefore, the mole fraction of the components at the surface, the activity
coefficient at the surface, and finally, the surface tension of the solution are
obtained using Eq. (S-15).

TABLE S-III. Activity of water for various solutions of K25 and K40 in water and ethanol at
different temperatures and mass fractions; experimental activities are given as the mean =+
standard deviation; OAARE: overall average absolute relative error

w alEXpa A1 Model RMSE RE AARE w alExpa A1 Model RMSE RE AARE
K25-water (T = 45 °C) K40-water (T = 45 °C)

0.1 0.9999 0.9999 0.0000 0.1  0.9999 0.9999 0.0000
+0.0001 +0.0001

0.2 0.9999 0.9990 0.0900 0.2 0.9999 0.9975 0.2400
+0.0001 +0.0001

0.3 0.9999 0.9950 0.0078 0.4900 0.51 (0.3  0.9999 0.9930 0.0092 0.6900 0.65
+ 0.0000 + 0.0000

0.45 0.9997 0.9850 1.4704 0.45 0.9998 0.9830 1.6803
+0.0003 +0.0001
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TABLE S-III. Continued

w alExpa A1 Model RMSE RE AARE |w alExp"‘ A1 Model RMSE RE AARE
K25-water (T'=55 °C) K40-water (7= 55 °C)
0.1  0.9999 0.9999 0.0000 0.1  0.9999 0.9999 0.0000
+0.0001 +0.0001
0.2 0.9999 0.9998 0.0100 0.2 0.9999 0.9980 0.1900
+0.0001 +0.0000
0.3 0.9999 0.9970 0.0056 0.2900 0.35 [0.3  0.9999 0.9940 0.0080 0.5900 0.57
+0.0001 + 0.0000
0.45 0.9998 0.9890 1.0802 0.45 0.9998 0.9850 1.4803
+ 0.0002 +0.0001
K25—ethanol (T=45 °C) K40—ethanol (7T=45 °C)
0.1  0.9999 0.9999 0.0000 0.1  0.9999 0.9998 0.0100
+0.0001 +0.0001
0.2 0.9999 0.9997 0.0200 0.2 0.9999 0.9996 0.0300
+0.0001 +0.0001
0.3 0.9999 0.9980 0.0026 0.1900 0.17 {03  0.9999 0.9986 0.0034 0.1300 0.21
+ 0.0000 +0.0001
0.45 0.9998 0.9950 0.4800 0.45 0.9998 0.9931 0.6701
+(0.0002 +0.0002
K25-ethanol (7= 55 °C) K40-ethanol (7= 55 °C)
0.1  0.9999 0.9997 0.0200 0.1  0.9999 0.9998 0.0100
+0.0001 +0.0001
0.2 0.9999 0.9996 0.0300 0.2 0.9999 0.9997 0.0200
+0.0001 +0.0001
0.3 0.9999 0.9988 0.0017 0.1100 0.12 [0.3  0.9999 0.99870.0032 0.1200 0.19
+ 0.0000 +0.0000
0.45 0.9999 0.9967 0.3200 0.45 0.9999 0.9936 0.6300
+0.0001 +0.0001
OAARE =0.35

TABLE S-IV. Surface tensions of various solutions of K25 and K40 in water and ethanol at
different temperatures and mass fractions; experimental surface tensions are given as the mean

+ standard deviation; OAARE: overall average absolute relative error

T Oex Omodel T Oex Omodel
oC N rl;l'l mN m-! RE RMSE AARE oC mN I?l'l mN m-! RE RMSE AARE
w=0.1
K25—water K40—water

20 61.0+ 62.48 -2.426 20 58.7+ 63.01 -7.342

04 0.2
25 609+ 61.76 -1.412 25 576+ 61.85 -7.379

0.5 0.4
30 60.3+ 61.05 -1.244 30 571+ 60.90 -6.655

04 03
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TABLE S-1V. Continued

S217

OTC ey Tmodel - RE RMSE AARE g P Omedel - RE . RMSE AARE
w=0.1
K25—water K40—water
35 584+ 6033 -3.3051.5120 2.48 |35 56.6+ 60.10 —6.184 42710 7.66
0.8 0.2
40 57.6+ 59.52 -3.333 40 55.6+ 59.50 -7.014
0.8 0.2
45 578+ 58.80 -1.730 45 545+ 58.78 —7.853
0.2 0.3
50 56.0+ 57.98 -3.536 50 532+ 5796 -8.947
0.8 0.3
55 554+ 5697 -2.834 55 51.8+ 5694 —-9.923
0.3 0.2
K25—ethanol K40—ethanol
20 250+ 24.13 3.480 20 248+ 2397 3.345
0.4 0.2
25 243+ 2293 5.638 25 241+ 23.0 4.564
0.4 0.2
30 235+ 2216 5.702 30 234+ 22.15 5.342
0.4 0.2
35 23.1+ 2156 6.667 1.6956 7.09 |35 2277+ 2147 5418 1.0316 4.49
0.2 0.4
40 227+ 21.18 6.696 40 222+ 21.06 5.135
0.1 0.4
45 226+ 20.77 8.097 45 215+ 20.65 3.953
0.1 0.3
50 225+ 2037 9.467 50 212+ 20.18 43811
0.2 0.3
55 223+ 19.85 10.986 55 203+ 19.61 3.399
0.2 0.3
w=0.2
K25—water K40—water
20 58.0+ 61.29 -5.672 20 57.0+ 6225 -9.210
0.2 0.2
25 573+ 60.55 -5.671 25 563+ 60.84 -8.063
0.2 0.2
30 56.5+ 59.81 -5.858 30 558+ 59.71 -7.007
0.2 0.4
35 551+ 59.08 -7.2234.0389 7.38 |35 552+ 58.89 —6.684 4.5306 8.32
0.2 0.2
40 539+ 58.24 -8.051 40 542+ 5823 -7.435
0.4 0.4
45 53.0+ 57.40 -8.301 45 53.1+ 5749 -8.267
0.2 0.1
50 520+ 56.56 -8.769 50 51.8+ 56.64 —9.343
0.2 0.1
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TABLE S-IV. Continued

OTC pP Omodel  RE RMSE AARE g P Omodel - RE . RMSE AARE
w=0.2
K25—water K40—water
55 50.7+ 55.53 -9.526 55 503+ 55.61 -10.55
0.2 0.3
K25—ethanol K40-ethanol
20 235+ 23.75 -1.063 20 23.1+ 2342 -1.385
0.2 0.1
25 232+ 2257 2715 25 225+ 2235 0.666
0.3 0.3
30 229+ 2185 4.585 30 220+ 21.55 2.045
0.2 0.3
35 222+ 2129 4.099 1.2760 4.91 |35 214+ 2095 2.102 0.4420 1.61
0.1 0.2
40 220+ 2090 5.000 40 212+ 20.53 3.160
0.2 0.1
45 21.8+ 20.51 5917 45 20.5+ 20.09 2.000
0.3 0.4
50 21.7+ 20.03 7.695 50 202+ 19.61 2.920
0.2 0.4
55 21.6+ 1937 10.324 55 192+ 18.94 1.354
0.1 0.3
w=0.73
K25-water K40—water
20 56.8+ 5990 -5.457 20 545+ 61.38 -12.62
0.4 0.2
25 563+ 59.15 -5.062 25 540+ 59.80 -10.74
0.4 0.1
30 552+ 5838 -5.760 30 53.5+ 58.53 -9.401
0.4 0.4
35 540+ 57.62 —-6.703 6232 6.76 |35 53.1+ 5747 -8.22952131 9.86
0.3 0.2
40 53.0+ 56.86 —-7.283 3. 40 522+ 56.70 -8.620
0.2 0.1
45 523+ 56.00 -7.074 45 513+ 56.00 -9.161
0.2 0.2
50 508+ 55.14 -8.543 50 50.1+ 55.06 -9.900
0.1 0.5
55 50.0+ 54.08 -8.160 55 49.0+ 54.01 -10.22
0.1 0.2
K25—ethanol
20 229+ 2338 -2.096
0.2
25 226+ 2230 1.327
0.1
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TABLE S-IV. Continued
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r c e omodel, RE RMSE AARE
w=0.3
K25—ethanol
30 223+02 21.53 3.452
35 217402 20.95 3.456 1.0423 3.86
40 215403 20.53 4511
45 21.2+0.1 20.10 5.188
50 20.9+0.1 19.59 6.267
55 20.8+0.1 18.97 8.798
OAARE = 5.69

Statistical analysis

1. Relative error
Xexp — X,
RE = exp ~ “Acal %100
exp

2. Average relative error

n
ARE = lz (RE)
n
i=1

3. Average absolute relative error

n
AARE =Y |RE
i

4. Root mean squared error

1 n
RMSE = |3 (Xexp = Xeal)}
=1

5. Standard deviation

where X; is the amount of each data, X is the average of the data points, and 7 is

the number of data points.
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6. Coefficient of determination

n n
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