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Since the thermodynamic properties of liquid mixtures provide valuable data for the
accurate and proper design of industrial processes and provide a desirable perspective on
understanding the nature of intermolecular interactions between materials, they are of
particular importance. In this study, the density and viscosity of binary mixtures containing
cyclopentanone + 1-propanol to 1-hexanol at different temperatures (293.15, 303.15,
313.15, and 323.15 K) were measured, and the excess molar volumes (V,£) of the mixtures
were calculated using the density values. Negative V.Evalues were obtained for the
cyclopentanone + 1-propanol and 1-butanol mixtures only at 293.15 K, and positive values
for the cyclopentanone + 1-propanol to 1-hexanol solutions were obtained at all
temperatures. Additionally, the viscosity deviations (An) for cyclopentanone + 1-propanol
to 1-hexanol were negative at all temperatures. The results indicate that the molecular
interactions in solutions containing short-chain alcohols are stronger, while the increase in
the hydrocarbon chain length of the alcohol leads to a weakening of the intermolecular
forces. Furthermore, computational studies were used to investigate the formation of
hydrogen bonds and their strength based on the values of hydrogen bond interaction energy
(E), structural characteristics of the hydrogen bond length (R(O...H)), NMR spectroscopic
data (O-H), and the values of electron density at the critical point of the hydrogen bond
(BCP). The experimental excess molar volumes were compared with the computational
data in the gas phase. All computational results confirm the decrease in the strength of the
hydrogen bond between cyclopentanone and 1-alkanols with the increase in the alkyl chain
length.
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Initial Mass Fraction Purity

Chemical Name Source CAS Number (As stated by the supplier)
Cyclopentanone Merck 120-92-3 >0.99
1-propanol Merck 71-23-8 0.995
1-butanol Merck 71-36-3 0.995
1-pentanol Merck 71-41-0 0.995
1-hexanol Merck 111-27-3 0.995

.\ MPa Hlid g glate slaled 13 (1) 4t jeSiug 9 (D) diuusly oy sla ol =Y Joi>

.cm3
Compound T(K P (g.cm™) _ 1 (mPas)
(K) expt. Lit. expt. Lit.

293.15 0.9494 0.9493 [5223]]' 0.94865 1114

0.9394 [24],0.944107
Cyclopentanone 30315 0.9395 o4l 0.994  0.998 [24], 0.999 [26],
313.15 0.9291 0.9299[24], 0.9290 [26]  0.862  0.861[24], 0.865 [26]
323.15 0.9187 0.92253 0.741
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Cyclopentanone (1) + 1-Propanol (2)

p(gem™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15

0 0.8036 0.7955 0.7873 0.7790
0.0816 0.8183 0.8090 0.8001 0.7914
0.1816 0.8354 0.8250 0.8156 0.8064
0.2519 0.8469 0.8360 0.8263 0.8168
0.3543 0.8630 0.8516 0.8415 0.8316
0.4528 0.8779 0.8661 0.8557 0.8456
0.5569 0.8929 0.8810 0.8703 0.8600
0.6528 0.9061 0.8943 0.8835 0.8731
0.7503 0.9190 0.9074 0.8967 0.8862
0.8536 0.9320 0.9209 0.9103 0.8998
0.9542 0.9441 0.9337 0.9233 0.9128

1 0.9494 0.9395 0.9291 0.9187

n (mPa.s)

0 2.23 1.72 1.35 1.10
0.0816 1.818 1.397 1.103 0.917
0.1816 1.51 1.189 0.947 0.800
0.2519 1.378 1.102 0.880 0.753
0.3543 1.257 1.025 0.824 0.711
0.4528 1.177 0.967 0.789 0.683
0.5569 1.117 0.926 0.762 0.665
0.6528 1.089 0.913 0.751 0.662
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0.7503 1.08 0.913 0.758 0.668
0.8536 1.077 0.934 0.785 0.688
0.9542 1.094 0.968 0.830 0.719

1 1.114 0.994 0.862 0.741

Cyclopentanone (1) 1-Butanol (2)

p(gcm™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15

0 0.8096 0.8020 0.7943 0.7862
0.0827 0.8212 0.8126 0.8044 0.7959
0.1823 0.8351 0.8256 0.8168 0.8079
0.2528 0.8449 0.8349 0.8258 0.8166
0.3552 0.8592 0.8486 0.8391 0.8295
0.4538 0.8730 0.8620 0.8522 0.8423
0.5542 0.8870 0.8758 0.8658 0.8556
0.6544 0.9010 0.8898 0.8796 0.8692
0.7517 0.9146 0.9036 0.8932 0.8827
0.8523 0.9287 0.9180 0.9076 0.8971
0.9509 0.9425 0.9323 0.9219 0.9115

1 0.9494 0.9395 0.9291 0.9187

17 (mPa.s)

0 2.98 2.28 1.79 1.44
0.0827 2.447 1.826 1.437 1.176
0.1823 2.030 1.519 1.202 1.000
0.2528 1.834 1.381 1.092 0.917
0.3552 1.635 1.245 0.989 0.840
0.4538 1.486 1.136 0.915 0.784
0.5542 1.367 1.052 0.854 0.738
0.6544 1.273 0.998 0.809 0.704
0.7517 1.208 0.967 0.791 0.690
0.8523 1.154 0.965 0.802 0.696
0.9509 1.122 0.979 0.836 0.721

1 1.114 0.994 0.862 0.741

Cyclopentanone (1) + 1-Pentanol (2)

p(gcm™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15

0 0.8145 0.8071 0.7996 0.7920
0.0841 0.8232 0.8153 0.8074 0.7995
0.1834 0.8341 0.8258 0.8174 0.8091
0.2537 0.8422 0.8336 0.8249 0.8163
0.3529 0.8541 0.8451 0.8361 0.8271
0.4557 0.8671 0.8577 0.8484 0.8391
0.5564 0.8805 0.8709 0.8613 0.8517
0.6526 0.8940 0.8843 0.8744 0.8645
0.7551 0.9092 0.8994 0.8893 0.8792
0.8528 0.9245 0.9147 0.9045 0.8943

Yoo



VY 5l VY ol udd e Jbw 39 GO (oo (Llidg s — ool oo

0.9539 0.9413 0.9314 0.9211 0.9108

1 0.9494 0.9395 0.9291 0.9187

1 (mPa.s)

0 4.03 3.04 2.33 1.81
0.0841 3.137 2.381 1.843 1.447
0.1834 2.514 1.927 1.508 1.199
0.2537 2.221 1.717 1.347 1.081
0.3529 1.925 1.509 1.190 0.967
0.4557 1.658 1.324 1.062 0.874
0.5564 1.449 1.181 0.956 0.798
0.6526 1.299 1.080 0.878 0.742
0.7551 1.184 1.011 0.831 0.711
0.8528 1.130 0.983 0.818 0.702
0.9539 1.103 0.979 0.835 0.718

1 1114 0.994 0.862 0.741

Cyclopentanone (1) + 1-Heanol (2)

plgcm™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15

0 0.8187 0.8115 0.8042 0.7968
0.0828 0.8255 0.8179 0.8103 0.8027
0.1793 0.8343 0.8263 0.8183 0.8103
0.2542 0.8417 0.8334 0.8252 0.8168
0.3564 0.8526 0.8440 0.8354 0.8266
0.4524 0.8637 0.8548 0.8459 0.8368
0.5518 0.8763 0.867 0.8578 0.8484
0.6533 0.8903 0.8807 0.8712 0.8616
0.7527 0.9053 0.8956 0.8858 0.8760
0.8539 0.9221 0.9123 0.9023 0.8922
0.9539 0.9403 0.9304 0.9201 0.9099

1 0.9494 0.9395 0.9291 0.9187

177 (mPa.s)

0 5.37 3.94 2.95 2.26
0.0828 4.305 3.099 2.304 1.774
0.1793 3.528 2.508 1.857 1.440
0.2542 3.112 2.206 1.625 1.269
0.3564 2.669 1.899 1.397 1.104
0.4524 2.298 1.647 1.226 0.980
0.5518 1.967 1.431 1.074 0.872
0.6533 1.679 1.249 0.944 0.780
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0.7527 1.459 1.130 0.870 0.732
0.8539 1.282 1.042 0.829 0.704
0.9539 1.150 0.996 0.834 0.716

1 1.114 0.994 0.862 0.741

U(T) = o> lp d(X2) = 0.001 Jgo S (cly 45 305 (0 03l ()lis U ceoMe b cuahd pie el o (ol bglste 15 yoilinglfm Jgo puS X1
il o Ur(P) = 0.01 i 5 Ur(1)) = 0.06 iy jsSanss cslys (oo s pte < U(p) = 0.0005 g.cm™3 i 0.02 K
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Cyclopentanone (1) + 1-Propanol (2)

VE(cm®.mol ™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15
0.0816 -0.075 0.021 0.07 0.092
0.1816 -0.134 0.046 0.121 0.171
0.2519 -0.159 0.055 0.142 0.207
0.3543 -0.18 0.061 0.165 0.247
0.4528 -0.195 0.067 0.178 0.26
0.5569 -0.191 0.063 0.181 0.261
0.6528 -0.173 0.057 0.165 0.235
0.7503 -0.146 0.051 0.129 0.19
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0.8536 -0.096 0.038 0.086 0.126
0.9542 -0.035 0.019 0.028 0.047
An (mPa.s)
0.0816 -0.321 -0.264 -0.207 -0.154
0.1816 -0.517 -0.399 -0.314 -0.235
0.2519 -0.571 -0.435 -0.347 -0.257
0.3543 -0.578 -0.438 -0.353 -0.262
0.4528 -0.548 -0.424 -0.340 -0.254
0.5569 -0.491 -0.390 -0.316 -0.235
0.6528 -0.412 -0.333 -0.28 -0.204
0.7503 -0.313 -0.262 -0.226 -0.163
0.8536 -0.200 -0.166 -0.148 -0.106
0.9542 -0.071 -0.059 -0.054 -0.038

Cyclopentanone (1) + 1-Butanol (2)

VE(cm®.mol ™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15
0.0827 -0.042 0.050 0.086 0.114
0.1823 -0.075 0.092 0.167 0.219
0.2528 -0.088 0.115 0.203 0.272
0.3552 -0.104 0.134 0.237 0.324
0.4538 -0.113 0.139 0.245 0.339
0.5542 -0.107 0.137 0.233 0.333
0.6544 -0.095 0.121 0.207 0.301
0.7517 -0.076 0.094 0.170 0.248
0.8523 -0.051 0.062 0.107 0.158
0.9509 -0.017 0.023 0.038 0.051

An (mPas)
0.0827 -0.379 -0.348 -0.276 -0.206
0.1823 -0.61 -0.527 -0.419 -0.313
0.2528 -0.674 -0.574 -0.463 -0.346
0.3552 -0.682 -0.578 -0.471 -0.352
0.4538 -0.647 -0.560 -0.454 -0.339
0.5542 -0.579 -0.515 -0.422 -0.315
0.6544 -0.486 -0.440 -0.374 -0.279
0.7517 -0.369 -0.346 -0.301 -0.225
0.8523 -0.236 -0.219 -0.197 -0.148
0.9509 -0.084 -0.078 -0.072 -0.054

Cyclopentanone (1) + 1-Pentanol (2)

VE(cm®mol ™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15
0.0841 0.095 0.141 0.172 0.192
0.1834 0.170 0.241 0.309 0.354
0.2537 0.205 0.295 0.378 0.441
0.3529 0.242 0.352 0.440 0.522
0.4557 0.259 0.384 0.473 0.558
0.5564 0.259 0.375 0.462 0.547
0.6526 0.240 0.335 0.420 0.504
0.7551 0.198 0.269 0.336 0.403
0.8528 0.140 0.179 0.218 0.256
0.9539 0.055 0.071 0.080 0.088

An (mPa.s)
0.0841 -0.648 -0.487 -0.364 -0.273
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0.1834 -0.981 -0.738 -0.553 -0.415
0.2537 -1.069 -0.804 -0.611 -0.458
0.3529 -1.076 -0.809 -0.622 -0.466
0.4557 -1.043 -0.784 -0.599 -0.449
0.5564 -0.959 -0.721 -0.557 -0.417
0.6526 -0.828 -0.625 -0.494 -0.370
0.7551 -0.644 -0.484 -0.391 -0.292
0.8528 -0.413 -0.312 -0.26 -0.196
0.9539 -0.145 -0.109 -0.095 -0.072

Cyclopentanone (1) + 1-Hexanol (2)

VE(cm®mol ™)

X1 T(K) =293.15 T(K) =303.15 T(K) =313.15 T(K) =323.15
0.0828 0.158 0.199 0.222 0.231
0.1793 0.277 0.349 0.402 0.443
0.2542 0.339 0.430 0.487 0.562
0.3564 0.392 0.491 0.566 0.661
0.4524 0.417 0.522 0.599 0.698
0.5518 0.402 0.520 0.595 0.692
0.6533 0.363 0.476 0.544 0.621
0.7527 0.297 0.380 0.437 0.493
0.8539 0.196 0.247 0.278 0.319
0.9539 0.074 0.094 0.107 0.110

An (mPa.s)
0.0828 -0.713 -0.597 -0.473 -0.360
0.1793 -1.079 -0.904 -0.719 -0.548
0.2542 -1.176 -0.985 -0.794 -0.605
0.3564 -1.184 -0.991 -0.809 -0.615
0.4524 -1.147 -0.960 -0.779 -0.593
0.5518 -1.055 -0.883 -0.724 -0.550
0.6533 -0.911 -0.766 -0.642 -0.488
0.7527 -0.708 -0.593 -0.508 -0.385
0.8539 -0.454 -0.382 -0.338 -0.259
0.9539 -0.16 -0.134 -0.124 -0.095

5550 = b Jsilgy, =) + olingiSi olig> bolske 0 3aliul Blosl 5 Ak st —geds, dobes (sla iy -0 Jsse

T (K) Ao Ay Az (o2
293.15 -0.451 -0.077 -0.049  0.001
303.15 -0.348 -0.128 -0.053  0.001
VE (cmimol?) 313.15 -0.261 -0.142 -0.061  0.002
Cyclopentanone(1) + 1- 323.15 -0.144 -0.118 -0.042  0.004
Propanol (2) 293.15 -1.218 -0.315 -0.315 0.01
303.15 -1.113 -0.218 -0.262 0.01
An (mPa.s) 313.15 -1.014 -0.194 -0.206 0.01
323.15 -0.608 -0.142 -0.112  0.008
293.15 -0.183 -0.214 -0.074  0.001
303.15 -0.137 -0.164 -0.212  0.002
VE (cmi.mol) 313.15 -0.112 -0.117 -0.283  0.003
Cyclopentanone(1) + 1-Butanol 323.15 -0.076 -0.103 -0.301  0.005
(2) 293.15 -1.318 -0.364 -0.654 0.01
303.15 -1.282 -0.216 -0.552 0.01
An (mPa.s) 313.15 -1.199 -0.124 -0.373 0.01
323.15 -0.085 -0.091 -0.186  0.008

Ys



R T BT

LI HUIT-) 9 95k gl byl (Sl dgo i olss (5595 9 (2528 lalllao

Cyclopentanone(1) + 1-
Pentanol (2)

Cyclopentanone(1) + 1-
Hexanol (2)

Az
0.086
0.083
0.064

0.032

-0.321
-0.362
-0.095
-0.790
0.125
0.241
0.318
0.452
-0.609
-0.548
-0.323

-0.244

0.002

0.002

0.004

0.005

0.01

0.01

0.01

0.009

0.002

0.003

0.003

0.006

0.01

0.01

0.01

0.01

(cm’.mol")

Va

T (K) Ao As

29315  0.318 0.137

303.15  0.364 0.121

VE emmoly 31315 0451 0.106

32315 0563 0.094

29315  -1521  -1.118

Anp (mPas) 30315 1349  -1.065

31315  -1261  -0.824

32315  -1.146  -0.671

29315 0673 0.271

30315 0536 0.199

VE emmoly 31315 0279 0.136

32315 0481 0.015

29315  -1615  -1.331

30315  -1218  -1.182

A7 (mPa.s) 31315  -1116  -1.001

32315  -1.062  -0.545

0.4:
0.3

9-2] ® CP + C30H
* CP + C40H
0.1 4 CP + C50H

= CP + C60H

0.0 {
0.1

0.2
0.0 0.2 0.4 0.6 0.8
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compounds AE R(O...H) 8o-H PBCP VE

2-Propanol -6.624 1.745 25.357 0.0225 -0.633

2-Butanol -6.477 1.762 25.383 0.0218 -0.341

2-Pentanol -6.321 1.773 25.403 0.0217 +0.569

2-Hexanol -6.210 1.775 25.432 0.0216 +0.756
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