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IIporuo3upoBanusi PU3HKO-XUMHYECKHUX U MOKAPOOMACHBIX
MoKa3areJied ¢ MOMOUIbIO PABUJI YIVIEPOAHOM LEeIH.

2. KapGoHoOBBI€ KHCJIOTHI

C.I. AnekceeB™®, K.C. AitekceeB™®,

H.M. Bapoun®®, JI.JI. AnexceeBa"

*HUI] «Haoesxcnocmo u pecypc 6oavuiux cucmem u mawuny YpO PAH
Poccus, 620049, Ekamepun6bype, yn. Cmyoenueckas, 54a
*Vpanvckuii unemumym I'TIC MYC Poccuu

Poccus, 620062, Examepunbype, yr. Mupa, 22

‘Vpanvckuii 2ocyoapcmeenblil azpaphbill yHusepcument
Poccus, 620075, Examepunbype, yr. Kapna Jlubknexma, 42
*Xumuko-mexHonocuyeckKuti UHCImumym

Ypanvckozo ¢pedepanvrozo ynusepcumema

umenu nepgozo llpezuoenma Poccuu b.H. Envyuna
Poccus, 620062, Examepunobype, yir. Mupa, 28

IIposedeno uccredosanue 3a8UCUMOCIU PUIUKO-XUMUYECKUX U TOHCAPOONACHBIX CEOUCME Om
Xumuueckozo cmpoenusi kapoonosvix kuciom. C nOMOWbIO Npasun yeaepoOHOU Yenu GbINOJIHEHO
NPOcHO3UPOBaHUe MeMnepamyp KuneHus U GCHbIUKU, MeMNepamypHuix U KOHYEeHMPAYUOHHBIX
npeoenos OCniaMeHe s, Meniom ceopanusa u napoobpasosanus. Jns y0obcmea npaKmuyecko2o
NpUMeHeHUs Npagul y2aepooHou yenu npeonodceHsvl credyrnujue dMnupuveckue ypagHenus Ois
pacyema QU3UKO-XUMUYECKUX U NONCAPOONACHBIX NOKA3ameNnell Om YCI08HOU YerepOOHOU yenu u
om uucna amomos yenepooa. Ilposeden cpasHumenvrulil AHAIU3 NPEOIA2AeMbIX MEMO008 paciema
memnepamypul ecnviuiku ¢ memoodamu I'OCT 12.1.044-89, Menoeneesa u ACD/Lab 2014. Iloxasano,
4mo Hoeble Memoobl 6 OCHOSHOM Oaiom 6ojlee MOyHble pe3yIbmamvl pacuema, yem Memoobl

CpAa6HerUus.

Kurouesvie crnosa: memnepamypa Kuneuus, memnepamypa 6CHbIUWKU, MeMnepamypHvie npeoeivl
60CHNIAMEHEHUS, KOHYEHMPAYUoHHble npedeibl GOCNIAMEHEHUs, MeNnioma C2opanus, menioma

napoobpaszosanus, KapooOHO8Asl KUCIOMA.

Introduction

In the first part of this series of works it is noted [1] that the rate of accumulation of data on
physico-chemical, fire hazard and other properties of organic compounds lag far behind either the
process of their production by organic synthesis or extraction from natural raw materials and industrial
wastes. In that regard, the calculation methods should reduce at least this imbalance. As part of the
solution to this problem, a new direction in chemistry, which was called chemoinformatics, was
appeared. This term shall be construed to mean “the use of informatics methods to solve chemical
problems” [2].
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Objects, methods and results

The 77 representatives of the class of aliphatic carboxylic acids were selected as objects of study
(Table 1). Data for the normal boiling point (NBP), the flash point (FP), the temperature flammability
limits (LFTL, UFTL), the flammability limits (LFL, UFL), the heat of combustion (H.,,;) and the heat
of vaporization (H,,,) of these carboxylic acids is taken from the Handbook of Yaws and DIPPR 801
database [3, 4]. The Table 1 provides the experimental data highlighted in normal font, prediction
of physico-chemical and fire hazard properties — in italic, and the abnormal values that were not

considered in the present work — in bold type.

Table 1. Reference and calculated data of physicochemical and fire hazard properties of carboxylic acids

Acid, NBP FP LFTL UFTL LFL | UFL —H.omp H,,
number (CCC) K % (vol.) kJ/mol
1 2 3 5 6 7 8 9 10

Formic 373.9! 323.22 314.9° 344.3? 12.0? 50.0? 211.5% 32.10!
1(1.0) 368.0° 294.1° 294.1 333.7 178.2 31.60°
371.3 292.8* 294.6* 325.5¢ 189.3* 31.89
373.7 303.0° 302.1% 330.r° 22.69°

300.9°

305.5
Acetic 391.0' 312.17 310.6? 345.6? 4.0 19.9 786.6 33.73!
2(2.0) 394.0° 315.0° 315.0° 341.6° 3.8 4.0 782.0° 33.80°
394.0 311.6 311.3 343.0 4.0 19.3 796.9° 34.02
390.27 313.2° 312.4% 392.4 4.6" 22.31 882.6" 23.70°

313.0°

317.07
Propionic 414.0! 330.12 328.1% 357.5 2.9 12.0° 1395.02 35.89!
3(3.0) 413.5° 328.7 328.7 359.5° 3.0 12.23 1397.3 35.90°
415.8* 329.3 327.2¢ 359.8* 2.9 11.6* 1404.4 36.08°
414.8° 324.8° 326.5¢ 359.0° 2.9 15.6" 1498.1° 40.08°

329.3°

332.3
Butyric 436.0' 345.2* 340.6* 373.4 2.0 10.0? 2008.0 37.99!
4(4.0) 436.5° 344.7 344.7 372.8 2.3 9.9° 2006.0° 38.00°
436.7 345.7 342.24 375.8* 2.0¢ 9.8 2012.0¢ 38.04*
437.5° 349.8° 340.0° 374.9° 2.1 11.9" 2113.7% 42.39°

344.9°

347.0°
Valeric 459.0' 359.22 357.12 388.12 1.6 7.8 2617.0 40.19'
5(5.0) 456.5° 360.2° 360.2 392.4 17 8.0° 2619.0° 40.00°
456.7 361.1° 356.3 39L.0° 1.6* 8.5 2619.5¢ 39.92
458.4° 362.0° 354.1 3915 1.7" 9.71 2729.2” 44.57

361.2

362.37
Caproic 471.0' 375.22 371.12 411.4 1.3 9.3 3230.0% 41.92!
6 (6.0) 477.0° 373.7 373.7 404.1° 1.4 7.5 3228.0° 41.90°
475.8* 375.3¢ 369.5 405.4* 1.3 7.6* 3227.0¢ 41.72¢
477.8 377.6° 365.0°% 404.5° 1.4 8.2 3344.77 46.6I°

373.95

37447
Enanthic 495.0! 388.2% 381.92 420.1° 112 7.2% 3839.0? 43.65'
7 (7.0) 493.5° 387.7 387.7 421.5° 1.2 6.9 3839.0° 43.50°
494.0¢ 388.4 381.9° 419.1 L 6.9 3834.6 43.43
495.7 372.4 375.9% 417.5° 121 7.21 3960.2" 48.52°

386.6°

386.47
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348.07

1 2 3 5 6 7 8 9 10
Caproic 51000 | 40022 | 39290 | #316 1.0° 6.4 | 444800 | 4510
8 (8.0) SILE | 4007 | 4007 | 431.9° L0’ 6.6 | 44500° | 4520°
5.4 | 4003 | 39340 | 43200 L0° 6.4 | w4421 | 4506
525 | 380.5 | 384.8° | 428.3 10" 6.7 | 457577 | 50.32
397.3¢
396.5
Pelargonic 52720 | 41322 | 40412 | 4436 0.9° 590 | 506100 | 4676
9.(9.0) 525.0° | 4107 | 4107 | 443.F 0.9 6.00 | 5084.0° | 46.10°
5278 | 4ILF | 404.0° | 4441 0.9° 6.0° | 50497 | 46.6I°
528 | 37325 | 3951% | 440.8° 0.9" 6.20 | 519132 | 52.03
409.4°
408.0°
Caproic 53000 | 4212 | 41312 | 4540 0.8° 55 | 572000 | 47.04
10 (10.0) 543.4 | 4207 | 4207 | 4541 0.8 5.6 5657.0° | 48.20°
543.3 | 4207 | 413.8 | 455.4° 0.8* 56 | 5657.2¢ | 48.07
5427 | 394.9° 0.8" 5.8 | 5806.87 | 53.63°
Undecylic 55720 | 42812 | 4217 | 4646 0.72 522 | 6253.0° | 49.68
11 (11.0) 556.7 | 4292 | 4292 | 4656 0.7 520 | 628500 | 49.00°
55790 | 42020 | 4226' | 466.0° 0.7 5.3 | 62647 | 49.44
556.4 | 4013 | 412.9° | 4624 0.7 sqn | 642232 | 5505
430.7°
428.1°
Lauric 5700 | #3710 | 4297 | 4766 0.6 502 | 685000 | 5103
12 (12.0) 5713 | 4350 | 4350 | 4749 0.7 5.0 6853.0° | 50.80°
5717 | 43650 | 430.6° | 4758 0.6° 500 | 68723 | 5073
569.3 | 4073 | 421.0° | 472.4° 0.7 5.1 7037.8° | 56.59°
440.5°
437.4
Tridecylic 580.6' | 44212 | 43010 | 4851 0.6* 490 | 14500 [ 597
13 (13.0) 58530 | 4461 | 4461 | 488.6° 0.5 5.0° 7447.0° | 52.40°
584.8 | 4427 | 4377 | 4848 0.6* 4.8 7479.8° | 51.94
584.5 | 412.8 | 42945 | 4827 0.6" 481 | 765342 | 57.96°
5814 | 450.6°
447.0
Isobutanoic 2700 | 33322 | 33412 | 36402 2,02 922 | 20004 | 3713
14(3.5) 42500 | 3377 | 3344 | 3655 2.0° 10.0° | 2008.0° | 36.94
4264 | 3376 | 3348 | 3679 2.0° 9.8 | 20120° | 3707
4284 | 3284 | 3341 | 3684 2.1 19 | 20377 | 43.2%
338.50
3410
2-Methylbutanoic 448.0° | 35010 | 34712 | 384.1° 1.6 98 | 2622.0° | 39.14'
15 4.5) 4475 | 3522 | 3489 | 380.8 16 7.8 261700 | 39.09
4468 | 35360 | 3494 | 3835 1.6* 8.5 | 26195 | 3899
484 | 34705 | 346.0° | 3835 1.47 8.2m | 272922 | 4539
353.4°
355.3
3-Methylbutanoic 4480° | 35112 | 3468 | 38512 1.4 9.8 | 26153 | 3914
16 (4.5) 475 | 3522 | 3489 | 380.8 L6 7.8 261700 | 39.09
4468 | 3536 | 3494 | 3835 16" 8.5 | 26195 | 3899
484 | 3BT | 34600 | 3835 1.4 820 | 272922 | 4539
353.4°
355.3
tret-Pentanoic $700 | 3722 | 32r | 32r 1.6 812 | 2569.0° | 3846
173.5) 43600 | 3377 | 3406 | 3734 L6 7.8 261700 | 37.99°
4367 | 3376° | 34220 | 3758 1.6° 8.5 | 26195 | 3804
4394 | 3414 | 3388 | 3756 1.4 820 | 272922 | 4441
345.6°
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1 2 3 5 6 7 8 9 10
2-Methylpentanoic 467.0' 367.2° 364.1° 399.8° 1.3° 7.5 3230.0° 40.96'
18 (5.5) 468.0° 368.37 363.0° 398.34 1.34 7.6* 3227.0* 41.06°

466.4* 364.3° 357.58 397.3° 1.2 7.0" 3344.77 40.837
468.6° 366.8° 47.58°
368.07
2-Ethylbutanoic 460.22 352.2° 356.12 395.17 1.3 7.7 3212.0° 40.19°
19 (5.0) 459.0° 359.2° 357.1 388.F° 1.3 7.5° 3230.0° 39.92¢
456.7 361.1° 356.3* 391.(¢ 1.3% 7.6* 3227.0¢ 47.58°
468.6° 360.9° 353.1% 392.3° 1.210 7.0 3344.77
362.0°
363.5
2-Methylhexanoic 483.3 370.7% 365.1 401.12 1.12 8.0° 3834.0° 42.52
20 (6.5) 483.1% 381.7 376.5° 415.83 1.7 7.5 3839.0° 42.79°
486.0° 382.0¢ 376.5¢ 412.44 1LV 7.6* 3834.67 42.59¢
485.0° 378.7° 368.1° 408.9° 1.2 7.0 3960.2" 49.76°
488.4 378.2¢
378.87
3-Methylhexanoic 483.3! 381.7° 376.5° 415.83 1.13 7.5 3839.0° 42.52!
21 (6.5) 486.0° 382.0% 375.84 412.44 1.14 7.6* 3834.6* 42793
485.0* 375.9° 1.2 7.0" 3960.22 42.594
488.4° 49.76°
4-Methylhexanoic 490.7"' 381.7 376.5° 415.8 1.1° 7.5° 3839.0° 43.24!
22 (6.5) 486.0° 382.0¢ 375.87 412.4° 1.14 7.6* 3834.67 42.79°
485.0° 375.9° 373.0% 414.4° 1.21° 7.0" 3960.2"7 42.59¢
488.4° 383.6° 49.76°
383.87
5-Methylhexanoic 486.0! 381.7 376.5° 415.8° 1.1° 7.5 3839.0° 42.78!
23 (6.5) 486.0° 382.0¢ 375.8° 412.47 1.1# 7.6 3834.67 42.79
485.0° 375.9° 370.0% 411.0° 1.21° 7.0 3960.2" 42.59¢
488.4 380.3° 49.76°
380.77
2.2-Dimethylpentanoic 4700 | 368.1° | 3651° | 40022 RE 69 | 38340 | 4124
24(5.5) 468.0° | 3672 | 3648 | 3998 L 75| 383900 | 4106
466.4* 368.37 363.0° 398.3% 1.V 7.6* 3834.67 40.837
481.0° 365.2° 359.5¢% 399.4° 1.21° 7.01 3960.2" 48.94°
368.9°
370.1
4.4-Dimethylpentanoic 483.3! 3737 37373 404.13 1.1° 7.5° 3839.0° 42.52!
25 (6.0) 477.0° 375.34 369.54 405.4* 1.1¢4 7.6* 3834.6* 41.90°
475.84 365.2° 1.21° 7.01 3960.21 41.724
481.0° 48.94°
2-Ethylpentanoic 4833 | 3737 | 3737 | 4047 [RE 75 | 38390° | 42.52
26 (6.0) 477.0° 375.3¢ 369.5¢ 405.4* 1.1# 7.6* 3834.6* 41.90°
475.87 375.9° 1.21° 7.01 3960.21 41.724
482.3° 48.94°
3-Ethylpentanoic 4833 | 3817 | 3765 | 4158 iR 75 | 3839.0° | 42.52
27 (6.5) 486.0° 382.0% 375.84 412.44 1.14 7.6* 3834.6* 42793
485.84 375.9° 1.21° 7.0" 3960.22 42.59°
488.4°
2-Ethyl-2-methylbutanoic 483.3! 367.2} 364.1° 399.8° 1.1° 7.5° 3839.0° 42.52!
28 (5.5) 468.0° 368.3* 363.04 398.34 1.14 7.6* 3834.6* 41.06°
466.44 365.2° 1.21° 7.01 3960.212 40.83*
481.0° 48.94°
2-Methylheptanoic 502.1 39423 387.43 425.9° 1.0° 6.4 4448.0° 44.33!
29 (7.5) 502.5° 394,54 387.8% 425.6* 1.0* 6.4% 4442 14 44.38°
502.84 389.7° 1.0"° 6.7" 457572 44.26*
507.7° 51.92°
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526.5°

1 2 3 5 6 7 8 9 10
4-Methylheptanoic 502.1! 39423 387.43 425.9% 1.0 6.4 4448.0° 44.33!
30 (7.5) 502.5° 394,54 387.8% 425.6* 1.0* 6.44 4442 1# 44.38°

502.84 389.7° 1.0"° 6.7" 457572 44.26*
507.7° 51.92°
6-Methylheptanoic 502.1! 394.2} 387.4° 4259 1.0° 6.4 4448.0° 44.33!
31(7.5) 502.5° 394.5% 387.8% 425.6* 1.0 6.4% 4442 1# 44.383
502.8% 389.7° 1.0% 6.71 4575.7" 44.26*
507.7° 51.92°
2.2-Dimethylhexanoic 502.1! 381.7° 376.5° 415.83 1.0° 6.4 4448.0° 44.33!
32 (6.5) 477.0° 382.0* 375.8% 412.44 1.0* 6.44 4442 14 42793
475.84 375.7° 1.0% 6.7" 457572 42.594
500.8° 51.14°
4.4-Dimethylhexanoic 502.1! 388.23 381.93 420.1° 1.0 6.4 4448.0° 44.33!
33 (7.0) 493.5% 388.44 381.9¢ 419.14 1.0* 6.44 4442 1# 43.65°
494.0* 3757 1.0"° 6.7" 457572 43.434
500.8° 5114
2-Ethylhexanoic 501.2! 383.22 381.1% 428.12 0.9? 8.6% 4448.0* 44.25'
34 (7.0) 493.5° 388.2° 381.9° 420.F 1.0 6.4 4448.0° 43.65°
494.0° 388.4° 381.9 419.1% 1.0* 6.4 4442.1* 43.43%
501.° 389.7 379.0 422.0° 1.0 6.7 4575.71 5114
391.0°
390.97
3-Ethylhexanoic 502.1! 394.23 387.4° 425.93 1.0° 6.4° 4448.0° 44.33!
35(7.5) 502.5° 394.54 387.84 425.6* 1.0* 6.44 4442 14 44.38°
502.84 389.7° 1.0% 6.7" 457572 44.26*
507.7 51.92°
4-Ethylhexanoic 502.1! 394.23 387.43 425.9° 1.0 6.4 4448.0° 44.33!
36 (7.5) 502.5° 394,54 387.84 425.6* 1.0* 6.44 4442 1# 44.38°
502.84 389.7° 1.0 6.71 457572 44.26*
5077 51.92°
2-Propylpentanoic 493.2! 388.2 381.9° 420.P 1.0° 6.4 4448.0° 43.48!
37 (7.0) 493.5° 388.4* 381.9 419.1% 1.0 6.4% 4442.1% 43.65
494.0° 384.2° 373.88 416.2° 1.0% 6.7 4575.71 43.43%
493.1° 385.4° 50.29°
385.67
2-Methyloctanoic 519.6 393.1° 391.1° 434.1° 0.9? 6.7 5056.0° 46.03'
38 (8.9) 518.22 406.7 398.5° 437.6° 0.9 59 5061.0° 45933
518.6° 405.8° 398.87 438.1 0.9 6.0¢ 5049.7 45.85
519.7 402.9° 389.2% 434.2° 0.9 6.2" 5191.3 54.04
526.5° 403.1°
402.3
3-Methyloctanoic 519.6' 406.73 398.5° 437.6° 0.9 5.9 5061.0° 46.03!
39 (8.5) 518.22 405.8° 398.8% 438.1 0.9¢ 6.0* 5049.74 45933
518.6° 402.9 0.91 6.2 5191.3"2 45.854
519.7 54.04°
526.5°
4-Methyloctanoic 519.6' 406.7° 398.5° 437.6° 0.9 5.93 5061.0° 46.03!
40 (8.5) 518.2% 405.8° 398.8% 438.1¢ 0.9 6.0* 5049.74 45933
518.6° 402.9° 0.91 6.2 5191.3"2 45.854
519.7 54.04°
526.5°
6-Methyloctanoic 519.6' 406.7 398.53 437.6° 0.9° 5.9 5061.0° 46.03!
41 (8.5) 518.22 405.8* 398.8* 438.1% 0.9* 6.0* 5049.74 45933
518.6° 402.9° 0.9%° 6.2 5191.3"2 45.854
519.7 54.04°
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1 2 3 5 6 7 8 9 10
7-Methyloctanoic 5196 | 4067 | 3985 | 4376 0.9° 59 | 506100 | 46.03'
42(8.5) 51820 | 4058 | 3988 | 4381 0.9¢ 6.0° | 50497% | 4593
5186 | 402.9° 0.9° 621 | 519132 | 4585
519.7 54.04°
526.5°
2.6-Dimethylheptanoic 5196 | 400.2° | 3929° | 4316 0.9° 590 | 5061.0° | 46.03
43 (8.0) 5100° | 400.3* | 393.4* | 432.0° 0.9¢ 6.0° | 50497* | 4510°
51144 | 387.5° 0.9° 621 | 519132 | 45.06*
522.8° 53.61°
2-Ethylheptanoic 5196 | 400.2° | 3929° | 4316 0.9° 590 | 5061.0° | 46.03
44 (8.0) 51000 | 400.3* | 3934 | 432.0° 0.9* 6.0° | 50497* | 45.10°
51144 | 402,95 0.9 621 | 519137 | 45.06*
526.5° 53.61°
3-Ethylheptanoic 5196 | 4067 | 3985 | 4376 0.9° 590 | 5061.0° | 46.03'
45(8.5) 518.6' | 405.8% | 3988% | 438.1 0.9¢ 6.0° | 50497% | 4593
51974 | 402.9° 0.9° 621 | 519132 | 4585
526.5° 54.04°
2-Ethyl-3-methylhexanoic | 519.6 | 394.2 | 3874 | 4259 0.9° 590 | 5061.0° | 46.03'
46 (7.5) 5025 | 3945 | 3878 | 4256 0.9* 6.0° | 50497* | 4438
502.8° | 387.5° 0.9° 621 | 519137 | 44.26*
504.15 51.51°
3-Ethyl-3-methylhexanoic | 519.6'° | 400.2° | 392.9° | 4316 0.9° 590 | 5061.0° | 46.03
47 (8.0) 51000 | 400.3* | 393.4* | 432.0° 0.9* 6.0° | 50497* | 45.10°
51144 | 385.4° 0.9° 621 | 519137 | 45.06*
520.1° 53.31°
3.5.5-Trimethylhexanoic | 504.2' | 3942 | 3874 | 4259 0.9° 59 | 506100 | 4454
48 (7.5) 5025 | 3945 | 3878 | 4256 0.9¢ 6.0' | 50497 | 4438
502.8° | 38260 | 380.0° | 424.0° 0.9° 6.20 | 51913 | 44.26'
5164 | 393.20 52.89°
393.07
2-Propylhexanoic 5196 | 400.2° | 3929° | 4316 0.9° 590 | 5061.0° | 46.03'
49 (8.0) 5100° | 400.3* | 3934 | 432.0° 0.9* 6.0° | 50497* | 45.10°
51144 | 402,99 0.9° 621 | 519132 | 45.06*
526.5° 54.04°
2-Methylnonanoic 53610 | 41700 | 4124 | 4489 0.8° 55 | 572000 | 4763
50 (9.5) 5353 | 416.0° | 400.0° | 449.9* 0.8* 560 | 565724 | 4748
5357 | 41548 0.8 581 | 5806.82 | 47.35¢
544.8° 56.123
3-Methylnonanoic 3610 | 41700 | 4124 | 4489 0.8° 55 | 572000 | 47.63'
51.9.5) 5353 | 416.0° | 409.0° | 449.9* 0.8¢ 560 | 565724 | 4748
53574 | 4154 0.8 58" | 5806.82 | 47.35¢
544.8° 56.129
4-Methylnonanoic 3610 | 41700 | 4124 | 4489 0.8° 55 | 572000 | 4763
52 (9.5) 5353 | 416.0° | 400.0° | 449.9* 0.8* 560 | 565724 | 4748
53574 | 4154 0.8 58" | 5806.82 | 47.35¢
544.8° 56.129
8-Methylnonanoic 53610 | 41700 | 4124 | 4489 0.8° 55 | 572000 | 47.63'
53 (9.5) 5353 | 416.0° | 409.0° | 449.9* 0.8* 560 | 565724 | 4748
53574 | 4154 0.8 581 | 5806.82 | 47.35¢
544.8° 56.12°
2.2-Dimethyloctanoic s36.1" | 4067 | 3985 | 4376 0.8° 55 | 572000 | 47.63'
54(8.5) 518.6° | 405.8% | 398.8% | 438.1 0.8¢ 560 | 565724 | 4593
51974 | 3944 0.8 58" | 5806.82 | 45.85°
538.7° 55.42°




Continued Table 1

1 2 3 5 6 7 8 9 10
2-Ethyloctanoic 536.1! 413.2} 404.13 443.6° 0.8 5.5 5720.0° 47.63!
55(9.0) 527.2} 411.14 404.0* 44414 0.84 5.6% 5657.2¢4 46.76

527.8* 415.4° 0.8% 5.81 5806.82 46.61*
544.8° 56.12%
4-Ethyloctanoic 536.1! 417.0° 412.4° 448.9° 0.8 5.5 5720.0° 47.63!
56 (9.5) 535.3 416.0* 409.0* 449.9¢ 0.84 5.6% 5657.2¢ 47483
53574 415.4° 0.8" 5.81 5806.8" 47.35¢
544.8° 56.12°
2-Propylheptanoic 536.1' 413.2} 404.1° 443.6° 0.8 5.5 5720.0° 47.63!
57 (9.0) 527.2} 411.14 404.0° 44414 0.84 5.6 5657.2¢ 46.76°
527.8* 4154 0.8 5.8" 5806.8" 46.61°
544.8° 56.12°
2.5-Dimethyl-2-ethyl- 536.1! 400.23 392.9 431.6° 0.8 5.5 5720.0° 47.63!
hexanoic 510.0° 400.3* 393.44 432.0* 0.84 5.6 5657.2¢ 45.10°
58 (8.0) 511.44 400.3° 0.8" 5.81 5806.8'2 45.06*
535.5° 57.12°
tret-Decanoic 536.1! 413.2} 404.13 443.6° 0.8 5.5 5720.0° 47.63!
59 (9.0) 527.23 411.14 404.0* 44414 0.84 5.64 5657.2¢ 46.76°
527.8* 394.4° 0.81 5.81 5806.8" 46.61*
538.7° 55.423
2-Methyldecanoic 551.8! 424 4 421.2° 459.4° 0.7% 5.2} 6253.0° 49.15!
60 (10.5) 550.3° 425.14 418.34 460.8* 0.74 5.3 6264.7* 48.94
550.74 4274 0.7 5.41 6422.32 48.77*
562.5° 58.16°
3-Methyldecanoic 551.8! 4244 421.2° 459.43 0.73 5.23 6253.0° 49.15!
61 (10.5) 550.3° 425.14 418.34 460.8* 0.7 5.3 6264.74 48.94
550.74 42745 0.7 5.4 6422.312 48.77*
562.5° 58.16°
6-Methyldecanoic 551.8! 424.4 421.2° 459.43 0.73 5.2} 6253.0° 49.15!
62 (10.5) 550.3° 425.14 418.34 460.8* 0.74 5.3 6264.74 48.94
550.74 4274 0.7 5.41 6422.3"2 48.77*
562.5° 58.16°
8-Methyldecanoic 551.8! 424 4° 421.23 459.4 0.7 5.2} 6253.0° 49.15'
63 (10.5) 550.3} 425.14 418.3* 460.8* 0.74 5.3 6264.74 48.943
550.74 427.4 0.7'° 5.41 6422.3" 48.77
562.5° 58.16°
2.2-Dimethylnonanoic 551.8! 417.0° 412.4° 448.9° 0.73 5.23 6253.0° 49.15!
64 (9.5) 535.3 416.0* 409.0* 449.94 0.7 5.3 6264.74 47483
53574 402.8° 0.7 5.4 6422.312 47.35¢
556.8° 57.50°
2-Ethylnonanoic 551.8! 420.7° 420.7° 454.1° 0.73 5.2} 6253.0° 49.15!
65 (10.0) 543.4° 420.7* 413.8¢ 455.44 0.74 5.3 6264.74 48.20°
543.34 4274 0.7 5.41 6422.3"2 48.074
562.5° 58.16°
2-Methylundecanoic 566.5! 432.6° 42573 470.6° 0.6 5.3 6850.0° 50.59!
66 (11.5) 564.1° 433.0 426.7* 471.0% 0.6* 5.0 6872.3¢ 50.36°
564.94 438.9° 0.7 5.1 7037.8'2 50.10*
579.7° 60.17°
3-Methylundecanoic 566.5! 432.6° 4257 470.6° 0.6° 5.1° 6850.0° 50.59!
67 (11.5) 564.1° 433.0 426.7* 471.0% 0.6 5.0 6872.3¢ 50.36°
564.94 438.9° 0.7 5. 7037.8' 50.10*
579.7 60.17°
10-Methylundecanoic 566.5! 432.6° 4257 470.6° 0.6° 5.1° 6850.0° 50.59!
68 (11.5) 564.1° 433.0* 426.7* 471.0% 0.6* 5.0 6872.3¢ 50.36°
564.94 438.9° 0.7 5. 7037.8' 50.10*
579.7° 60.17°
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Continued Table 1

1 2 3 5 6 7 8 9 10
2.2-Dimethyldecanoic 566.5' 4244 420.7° 459.43 0.6° 5.13 6850.0° 50.59!
69 (10.5) 550.3° 425.14 413.84 460.84 0.6* 5.0¢ 6872.3% 48.94°

550.7* 410.4° 0.7'° 511 7037.8"2 48.77*
579.7° 59.53%
2-Ethyldecanoic 566.5' 429.23 421.2} 459.43 0.6° 5.1° 6850.0° 50.59!
70 (11.0) 564.1° 429.24 422.6* 466.0* 0.6* 5.0¢ 6872.3* 49.00°
564.9* 438.9° 0.7' 511 7037.812 49.44*4
579.7° 60.17°
2-Butyloctanoic 566.5' 429.23 421.2} 459.43 0.6° 5.1° 6850.0° 50.59!
71 (11.0) 564.1° 429.24 422.6% 466.0* 0.6* 5.04 6872.34 49.00°
564.94 438.9° 0.7' 5.1n 7037.8"2 49.44*
579.7° 60.17°
2-Methyldodecanoic 580.6! 439.6° 43443 480.9° 0.6° 4.9 7453.0° 51.97'
72 (12.5) 578.23 439.84 434,34 480.4* 0.6* 4.84 7479.84 49.00°
578.24 449.8° 0.6 4.8 7653.42 51.354
596.5° 62.14°
3-Methyldodecanoic 580.6! 439.6° 43443 480.9° 0.6° 4.9’ 7453.0° 51.97!
73 (12.5) 578.23 439.84 434,34 480.44 0.6* 4.84 7479.84 49.00°
578.24 449.8° 0.6'° 4.81 7653.412 51.35%
596.5° 62.14°
10-Methyldodecanoic 580.6! 439.6 434 43 480.9° 0.6° 4.93 7453.0° 51.97!
74 (12.5) 578.23 439.84 434,34 480.44 0.6* 4.84 7479.8% 49.00°
578.24 449.8° 0.6'° 4.8" 7653.412 51.35%
596.5° 62.14°
11-Methyldodecanoic 580.6! 439.6° 43443 480.9° 0.6° 4.9 7453.0° 51.97'
75 (12.5) 578.23 439.84 434,34 480.4* 0.6* 4.84 7479.8% 49.00°
578.24 449.8° 0.6 4.8 7653.412 51.354
596.5° 62.14°
2.2-Dimethylundecanoic | 580.6' | 432.6' | 4257° | 470.6° 0.6 49 | 1430 | 5197
76 (11.5) 564.1° 433,04 426.7* 471.0% 0.6* 4.84 7479.84 50.36°
564.9* 417.5° 0.6' 4.8" 7653.412 50.10*
591.2° 61.53°
2-Ethylundecanoic 580.6! 437.13 42973 476.6° 0.6° 4.93 7453.0° 51.97
77 (12.0) 571.0° 436.5* 430.6* 475.8% 0.6* 4.84 7479.8% 51.03%
571.74 449.8° 0.6'° 4.81 7653.412 50.73*
596.5° 62.14°

Notes.!*Literature data[3,4].>The calculated values by CCR1, the CCR2 and ACD/Lab. ¢*Prediction by equations 9-13.

We are developing a new method for the prediction of physico-chemical and fire hazard indices,
which is called “the carbon chain rules” (hereinafter referred to as CCR). The approaches of descriptor
and comparative methods are combined in the CCR. There are two variants of the CCR: the manual
option or the CCR1 and the not manual option or the CCR2. The first one includes the evaluation of
properties of substances as the arithmetic average between the values of the indices of the nearest
neighbors of homological series, and the CCR2, which involves the use of equations based on the
descriptor of the CCC (conventional carbon chain). The CCR framework and the order of application
of the CCRI and the CCR2 methods with examples are given in previously issued material (see [1,
5] and references in these articles). The studied group of compounds was divided into training and
control groups to derive equations for CCR2. In the first sample the normal compounds (1)—(13)
were included, and the second one consisted of compounds with isomeric structures. As a result of

mathematical processing of the training sample data using the M. Excel 2010 program, equations
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(1)—(8) for predicting the boiling and the flash points, the temperature and concentration flammability

limits, the heat of combustion and vaporization of carboxylic acids were obtained (Table 2). According

to the equations mentioned above the forecast of physico-chemical and fire hazard characteristics of

carboxylic acids was performed (Table 1).

The following feature of CCR to predict the properties of organic compounds effectively, which

can be described by the general formula R—F, where R is an alkyl substituent, and F is a functional

or pseudo—functional group, is revealed as a result of work with CCR. A fragment of a molecule can

Table 2. The methods of CCR1, CCR2 and the comparison equations

Formula / Method No. | n r  |RMSE | AARD € o
CCRI (NBP) — | 27 [o9989] 230 | 035 | 168 | 1.59
TB = —0.4485(CCC)*24.046(CCC)+347.7(CCR2) () | 27 [09985] 265 | 041 | 193 | 1.84
ACD/Lab (NBP) — | 27 [09963] 426 | 054 | 2.64 | 3.41
CCRI (FP) — | 22 [o9980] 2.43 | 054 | 198 | 137
é«"CPC=R ;)0,572(CCC)2+20.5(CCC) +2729 ) | 22 109985| 235 | 036 | 1.66 | 1.65
ACD/Lab (FP) — | 22 o941 | 1597 | 2.61 | 937 | 249
FP=aNBP + b © | 22 [0.9954] 374 | 074 | 278 | 2.49
FP=a,+a;NBP+Yayl; (10a) | 22 [0.9952] 436 | 094 | 338 | 273
CCRI (LFTL) — | 19 J09984] 456 | 097 | 373 | 270
LFTL=-0.4374(CCC)*+18.049(CCC) 277.0(CCR2) | (3) | 19 [0.9995] 122 | 027 | 099 | 0.74
LFTL = ay+a;NBP+Yayl; (10b) | 18 [09991| 548 | 113 | 441 | 335
CCRI (UFTL) — | 20 [o9962] 367 | 070 | 282 | 242
UFTL=—0.3875(CCC)*+18.698(CCC) +307.2 (CCR2) | () | 20 [0.9966] 328 | 063 | 250 | 2.17
UFTL = aytarto,yarl, (10¢) | 19 [0.9977] 330 | 069 | 2.83 | 175
CCRI(LFL) — | 21 09936] 009 | 3.95 | 005 | 0.08
LFL=-047+18%2 —%+ e () | 21 |0.9984| 0.05 | 273 | 0.03 | 0.04
LFL= 100/ S hm, (1) | 21 (09888 0.16 | 649 | 0.0 | 0.3
s=1
CCRI (UFL) — | 15 Jooser| 034 | 332 | 025 | 024
UFL=22.671xN, "% © | 15 [09835] 035 | 340 | 026 | 025
! q
- :IOW(;h,m/ +§%] s 21 15 1096s89| 138 | 967 | 086 | 112
(125 . : . . :

C, =100/(0,7686+6,554) npup>8

CCRI (Heons) - 0.9999[ 20.00 | 032 | 1130 | 1691
Hepy = —607.54xN, + 418.2 ) 0.9999] 20.37 | 0.40 | 12.93 [ 1613
H.on = —(339.4C +1257H -108.90 ~225.9H) (kl/kg) | (13) 0.9999 [ 131.55 | 4.17 | 128.4728.99
CCRI (H,,,) — | 21 Jo9968] 038 | 056 | 025 | 030
H,, = —0.0422(CCC)*+2.2618(CCC)+29.67 (CCR2) | (8) | 21 [0.9973] 037 | 0.64 | 028 | 0.26
ACD/Lab (,,,) — | 21 [0.9008] 631 | 1479 | 615 | 1.43
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be considered as a pseudo-functional group [6, 7]. Usually the physicochemical properties of the first
member of homologous series differ substantially from the properties of the subsequent compounds
[8, 9]. Carboxylic acids are no exception. In particular, pKa formic acid (1) is about 1.4 times less than
that of other monoacids because of the strong effect of the carboxyl group [10]. Therefore, it is not
surprising that the CCR does not predict the properties of formic acid (1) well, so the properties of this
compound were not taken into account in the current study. When predicting the physico-chemical and
fire hazard properties of organic compounds, intramolecular interatomic interactions are often taken
into account [8, 9, 11, 12]. The CCR is no exception. These interactions are taken into account by the
introduction of a systematic (corrective) amendment [1]. In the case of alkane acids, it was found that
the second methyl radical in a-position relative to the carboxylic group does not increase the CCC, and
in the case of the location of the ethyl, propyl or butyl substituent in a-position the increase of the CCC
is adjusted minus 0.5.

The isomerization of the alkyl radical for carboxylic acids, as well as for other classes of organic
compounds, which have been previously explored [1, 5-7], does not significantly affect the change in
the flammability limits and the heat of combustion. That’s why, the equations (5)—(7) depending on the
total number of carbon atoms in the molecule (V,), and not on the CCC, are derived for the calculation
of parameters mentioned above.

The equations of comparison (9)—(12) are taken from GOST 12.1.044 [13] for prediction of the flash
point, the temperature and the flammability limits. It was shown earlier that the Mendeleev formula
(13) for determination of the heat of combustion gives accep Table results of calculation [14], therefore
it was used as a method of comparison. ACD/Lab 2014 software package was used to compare the

forecasts of the boiling point and the heat of vaporization of carboxylic acids (1)—(77) [15].

The discussion of results

The results of prediction of physico-chemical and fire hazard properties of carboxylic acids (2)—
(77) by CCRI1, CCR2 and by comparison methods are given in Table 1. The correlation coefficient
(r), RMSE (Root Mean Squared Error), AARD (Average Absolute Relative Deviation) [16], average

absolute deviation (g) and average square deviation (o) are chosen as the comparison criteria [11].

n

n

2
Yi=X; - -
> (%) AARD:szUZJ;ZQ%_XJ_SY o

n n o= X

i

n

(|y,.—x,.|),

i=1

RMSE =

I |-

i=1

where y,, x; — calculated and experimental values, n — number of compounds in the sample.

It is seen from the Table 2 that CCR1 and CCR2 methods give more accurate prediction of
physico-chemical and fire hazard properties of carboxylic acids than the normative procedures of
GOST 12.1.044-89, Mendeleev and ACD/Lab 2014. The only exception is CCR1 for the calculation of
the upper temperature flammability limits.

Conclusion

The study finds that the proposed CCR1 and CCR2 methods can be used to calculate the physico-
chemical and fire hazard properties of carboxylic acids. According to the accuracy of the boiling

temperature, the flash point, the temperature and the flammability limits, the heats of combustion
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and vaporization of carboxylic acids forecasts, the proposed CCR give better results compared to the
methods of comparison (GOST 12.1.044, Mendeleev equation, ACD/Lab 2014). The only exception is
CCR1 for the calculation of the upper temperature flammability limits, which shows the comparable
results with the standard equation (10c). Unknown physico—chemical and/or fire hazard properties are

predicted for a number of carboxylic acids (18)-(77).
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