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Ajugte por Minimosg Cuadradog

Dado un conjunto de datos que se alinean gréaficamente puede encontrarse la mejor recta
aplicando Minimos Cuadrados. Sea la recta y = m x + b, la pendiente “m” y la ordenada al origen
“b” pueden ser determinadas por las siguientes formulas.

N2 Ry
- N> x? —(Zx)2

b=[Xy 2x*-2x 3xy]1/ [ NZX*-(%?%]

m

1/2

(Zx)z v | y2 |
) Do xt- N Zyz_(zN)
B N -1 > N1

Ox

siendo el coeficiente de regresion R: R _ Mo el cual refleja cuan bueno es el ajuste (R — 1).

Oy

Las calculadoras cientificas permiten el analisis de regresion lineal de una serie de datos.
Sugerimos leer el manual de instruccion de la calculadora para conocer la secuencia para realizar el
ajuste por minimos cuadrados.

Asi mismo los programas de computacién como Excel, Origin permiten realizar el ajuste y
mostrar los datos en una grafica. Promovemos el aprendizaje de estas herramientas informaticas

para el tratamiento de datos tanto de problemas numericos como de valores experimentales.
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Tablag de Datos

Tabla 1. Segundo coeficiente del virial B / cm3 mol-!

100 K 273K 373K 600 K
Aire -167.3 -13.5 3.4 19.0
Ar -187.0 -217 42 1.9
CH, -53.6 =212 8.1
CO:, -142 -72.2 -12.4
H, 20 13.7 15.6
He 1.4 120 113 104
Kr -62.9 -28.7 1.7
N, -160.0 -10.5 6.2 21.7
Ne -6.0 10.4 123 13.8
0, -197.5 -22.0 -37 129
Xe -153.7 -81.7 -19.6

Ref. P. Atkins y J. dg Paula, Quimica Fisica, €d. M¢dica Panamericana, {drgentina, 2008.

Tabla 2. Constantes criticas de los gases

Masa Ve

molar @ T/K  Pc/bar Ze em? mol™!  T/K
Metano 16.043 0012 190.6 4599 0.286 98.6 111.4
Etano 30.070  0.100 3053 4872 0.279 145.5 184.6
Propano 44.097 0.152 369.8 4248 0.276 200.0 231.1
n-Butano 58.123 0.200 425.1 3796 0.274 255, 272.7
n-Pentano 72.150 0.252 469.7 3370 0.270 313. 309.2
n-Hexano 86.177 0.301 507.6 30.25  0.266 371. 341.9
n-Heptano 100.204 0.350 5402 2740 0.261 428. 371.6
n-Octano 114.231 0400 5687 2490 0.256 486. 398.8
n-Nonano 128258 0444 3946 2290 0.252 544, 424.0
n-Decano 142,285 0492 6177  21.10 0.247 600. 447.3
Isobutano 58.123 0.181 408.1 3648 0.282 262.7 261.4
Isooctano 114231 0302 5440 2568 0.266 408. 3724
Ciclopentano 70.134 0.196 511.8 4502 0273 258. 322.4
Ciclohexano 84.161 0.210. 553.6 40.73 0.273 308. 353.9
Metilciclopentano 84.161 0.230 5328 37.85 0.272 319. 345.0
Metilciclohexano 98.188 0.235 5722 3471  0.269 368. 374.1
Etileno 28.054 0.087 2823 5040 0.281 131. 169.4
Propileno 42,081 0.140 3656  46.65 0.289 188.4 225.5
1-Buteno 56.108 0.191 4200 4043 0.277 239.3 266.9
cis-2-Buteno 56.108 0205 4356 4243 0.273 233.8 276.9
trans-2-Buteno 56.108 0.218 4286 41.00 0.275 2377 274.0
1-Hexeno 84.161 0.280 504.0 3140 0.265 354, 336.3
Isobutileno 56.108 0.194 4179  40.00 0.275 238.9 266.3
1,3-Butadieno 54,092  0.190 4252 42777 0.267 2204 268.7
Ciclohexeno 82.145 0.212 5604 4350 0.272 291. 356.1
Acetileno 26.038 0.187 3083 61.39 0.271 113. 189.4
Benceno 78.114 0.210 5622 4898 0.271 259. 353.2
Tolueno 92.141 0262 591.8 41.06 0.264 316. 383.8
Etilbenceno 106.167 0.303 617.2 36.06 0.263 374, 409.4
Cumeno 120.194 0.326 631.1  32.09 0.261 427, 425.6
o-Xileno 106.167 0.310 630.3 3734 0.263 369. 417.6
m-Xileno 106.167 0.326 617.1 35.36  0.259 376. 412.3
p-Xileno 106.167 0322 616.2 35.11  0.260 379, 411.5
Estireno 104.152 0297 6360 3840 0.256 352. 418.3
Naftaleno 128.174 0302 7484 4051 0.269 413, 491.2
Bifenilo 154211 0365 7893 3850 0.295 502. 528.2



Masa Ve

molar w T./K Psbar Z. em’mol™! T,/K
Formaldehido 30.026 0.282 408.0 6590 0.223 115. 254.1
Acetaldehido 44053 0291 466.0 55.50 0.221 154. 2940
Acetato de metilo 74.079  0.331 506.6 4750 0.257 228. 330.1
Acetato de etilo 88.106 0366 5233 38.80 0.255 286. 350.2
Acetona 58.080 0307 508.2 47.01 0.233 209. 3294
Metil etil cetona 72.107 0323 5355  41.50 0.249 267. 352.8
Eter dietilico 74123  0.281 466.7 3640 0.263 280. 307.6
Eter metil -butilico 88.150 0.266 497.1 3430 0.273 329. 3284
Metanol 32.042 0.564 512.6 80.97  0.224 118. 337.9
Etanol 46.069 0.645 5139 61.48 0240 - 167. 351.4
1-Propanol 60.096  0.622 5368 5175 0.254 219. 3704
1-Butanol 74.123 0.594 563.1 4423 0.260 275. 390.8
1-Hexanol 102177 0.579 611.4 35.10 0.263 381. 430.6
2-Propanol 60.096 0.668 508.3 4762 0.248 220. 355.4
Fenol 94.113 0.444 6943 61.30 0.243 229, 455.0
Etilenglicol 62.068 0.487 719.7 77.00 0.246 191.0 470.5
Acido acético 60.053 0.467 592.0 57.86 0.211 179.7 391.1
Acido n-Butitico 88.106 0.681 615.7 40.64 0232 291.7 436.4
Acido benzoico 122.123 0.603 751.0 44770  0.246 344. 522.4
Acetonitrilo 41,053 0.338 5455 48.30 0.184 173. 354.8
Metilamina 31.057 0.281 430.1 74.60 0.321 154, 266.8
Etilamina 45.084 0.285 456.2 56.20  0.307 207. 289.7
Nitrometano 61.040 0.348 588.2 63.10 0223 173. 374.4
Tetracloruro de carbono 153.822 0.193 5564 45.60  0.272 276. 349.8
Cloroformo 119.377 0.222 5364 5472 0.293 239, 334.3
Diclorometano 84.932 0.199 510.0 60.80 0.265 185. 3129
Cloruro de metilo 50.488 0.153 4163 66.80 0.276 143. 2491
Cloruro de etilo 64.514 0.190 4604 5270 0.275 200. 285.4
Clorobenceno 112.558 0.250 6324 4520 0.265 308. 404.9
Tetrafluoroetano 102.030 0327 3742 40.60 0.258 198.0 247.1
Argén 39.948 0.000 150.9 4898 0291 74.6 87.3
Kriptén 83.800 0.000 209.4 55.02 0.288 91.2 119.8
Xenén 13130 0.000 289.7 5840 0.286 118.0 165.0
Helio 4 4.003 ~0.390 52 228 0302 57.3 4.2
Hidrégeno 2016 —-0.216 33.19 13.13  0.305 64.1 20.4
Oxigeno 31.999 0.022 1546 5043  0.288 734 90.2
Nitrogeno 28.014 0.038 126.2 34.00 0.289 89.2 71.3
Airet 28.851 0.035 132.2 37.45 0.289 84.8
Cloro 70.905 0.069 417.2 77.10  0.265 124, 239.1
Monéxido de carbono  28.010 0.048 1329 34.99 0.299 934 81.7
Diéxido de carbono 44.010 0.224 304.2 73.83 0.274 94.0
Disulfuro de carbono  76.143 0.111  552.0 79.00 0275 160. 319.4
Sulfuro de hidrégeno 34,082 0.094 3735 89.63 0.284 98.5 212.8
Diéxido de azufre 64.065 0.245 430.8 78.84 0.269 122. 263.1
Tri6xido de azufre 80.064 0.424  490.9 82.10 0.255 127. 317.9
Oxido nitrico (NO) 30.006 0.583 180.2 64.80 0.251 58.0 121.4
Oxido nitroso (N,0) 44.013 0.141  309.6 7245 0.274 97.4 184.7
- Cloruro de hidrégeno  36.461 0.132 3247 83.10 0.249 81. 188.2
Cianuro de hidrégeno  27.026 0410 456.7 53.90 0.197 139. 298.9
Agua 18.015 0345 647.1 22055 0.229 55.9 373.2
Amoniaco 17.031 0.253 4057 112.80 0.242 72.5 239.7
Acido nitrico 63.013 0.714  520.0 68.90 0.231 145. 356.2
Acido sulftirico 98.080 . 924.0 64.00 0.147 177. 610.0

TSeudoparémetros parayn, = 079y Yo, = 0.21. Vea las ecuaciones (6.97)-(6.99)

Ref. ). M. Smith, H .C. Van Ngss g M. M. {Ibbott, Introduceidén a la Termodindmica gn Ingigneria
Quimica, €d. Me Graw Hill Intgramericana, M¢jico, 2007.
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Tabla 3. Coeficientes de Van der Waals

a/(atm dm® mol2) b/(107% dm® mol ™) a/(atm dm® mol ™) b/(1072 dm?® mol ™}

Ar 1,337 3,20 H,5 4,484 434
CH, 4,552 5,82 He 00341 2,38
CH, 5,507 6,51 Kr 5,125 1,06
CgHq 18,57 11,93 N, 1,352 3,87
CH, 2273 431 Ne 0,205 1,67
cl, 6,260 5,42 NH, 4,169 371
co 1,453 3,95 0, 1,364 3,19
o, 3,610 429 s0, 6,775 5,68
H, 0,2420 2,65 Xe 4,137 5,16
H,0 5,464 3,05

Ref. P. Atkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, rgentina, 2008.

Tabla 4. Entalpias de enlace promedio AH? (A-B) / k] mol-!

H c N 0 F a Br I s P Si
H 136 -
C 412 348(3) o
612(i)
§38(ii)
518(a)
N 388 305(1) 163(i)
613(ii) 409(ii)
890(iii) 946(jii)
0 463 360(3) 157 146(i)
743(ii) 497(ii)
F 565 484 270 185 155
al 431 338 200 203 254 242
Br 366 276 219 193
I 299 238 210 178 151
5 338 259 496 250 212 264
P 1 - 201
si 318 . 466 226

(i) Enlace simple, (ii) enlace doble, (iii) enlace triple, (a) aromitico.
Datos: HCP and L. Pauling, The nature of the chemical bond. Cornell University Press (1960).

Ref. P. (tkins g J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, {rgegntina, 2008.

Tabla §. Coeficiente de fugacidad de nitrogeno a 273 K

pfatm ¢ platm ¢
1 0.99955 . 300 1.0055
10 0.9956 400 1.062
50 0.9812 600 1.239
100 0.9703 800 1.495
150 0.9672 1000 1.839
200 0.9721

Ref. P. Atkins g J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, {rggntina, 2008.
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Tabla 6. Constantes de la ecuacion de Antoine para las presiones de vapor de
especies puras

Pardmetros de la ecuacién Intervalo de

de Antoine temperatura &My In

Nombre Férmula At B C °C kHmol °C

Acetona C3HgO 14.3145  2756.22  22B.060 —26--7T7 29.10 56.2
Acido acético CpH40y  15.0717 3580.80 224.650 24 — 142 2370 117.9
Acetronitilo® C,H3N 14.8950 3413.10 250.523 --27-—381 30.19 81.6
Benceno CgHg 13.7819 272681 217.572 6—104 30.72 80.0
iso-Butano C4Hjg 13.8254 218179 248870 -83—7 2130 —119
n-Butano C4Hpo 13.6608 215470 2387789 -73—19 22.44 —0.5
1-Butanol C4H1pO 153144 321243 182739 37— 138 43.29 117.6
2- Butanol* C4Hp0O 15.1989 3026.03 186.500 25— 120 40.75 99.5
iso-Butanol . C4HpO  14.6047 274095 166.670 30— 128 41.82 107.8
tert-Butanol C4HipO 148445 265829 177650 10— 101  39.07 823
Tetracloruro de carbono  CClyg 14.0572  2914.23 232148 —}4— 101 29.82 76.6
Clorobenceno CgH5Cl 13.8635 317478 211.700 29— 159 35.19 131.7
1-Clorobutano C4HoCl 13.7965 272373 218265 —17—79 30.39 78.5
Cloroformo CHCls 13.7324  2548.74 218552 23 —84 29.24 61.1
Ciclohexano CgHy2 13.6568  2723.44  220.618 9—105 29.97 80.7
Ciclopentano CsHyg 13.9727 265390 234510 -35—171 27.30 492
n-Decano CioHgp 13.9748 344276 193.858 65— 203 38.75 174.1
Diclorometano CH,Cly 13.9891 246393 223240 —-38—060 28.06 39.7
Eter dietilico C4H1pO  14.0735 2511.29 231.200 —43—55 26.52 34.4
1,4 Dioxeno C4HgO,  15.0967 357978  240.337 20— 105 3416 1013
n-Eicosano CooHyz 144575 468046 132.100 208 — 379 57.49 343.6
Etanol CyHgO 16.8958  3795.17 230918 3—96 38.56 78.2
Etilbenceno CgHjp 13.9726 325993  212.300 33 —163 35.57 136.2
Etilenglicol* CyaHgO4 15.7567 4187.46 178.650 100 — 222 50.73 197.3
n-Heptano C7Hig 13.8622 2910.26 216.432 4—123 31.77 98.4
n-Hexano CeHja 13.8193  2696.04 224317 —-19—92 28.85 68.7
Metanol CH40 16.5785 363827 239.500 —11—383 35.21 64.7
Acetato de metilo C3HgOp 142456 266278 219.690 —23—78 30.32 56.9
Metil etil cetona C4H30 14.1334  2838.24  218.690 —8—103 31.30 79.6
Nitrometano* CH3zNO, 147513 333170 227.600 56 — 146 33.99 101.2
n-Nonano CoHap 13.9854  3311.19 202.694 46— 178 36.91 150.8
iso-Octano CgHig 13.6703  2896.31 220.767 2—125 30.79 99.2
n-Octano CgHig 13.9346  3123.13  209.635 26— 152 34.41 1256
n-Pentano CsHip 13.7667 2451.88 232.014 —45—58 25.79 36.0
Fenol CgHgO 14.4387 3507.80 175.400 80 — 208 46.18 181.8
{-Propanol C3HgO 16.1154  3483.67 205,807 20— 116 41.44 97.2
2-Propanol C3HgO 16.6796  3640.20 219.610 8 — 100 39.85 82.2
Tolueno C7Hg 13.9320 305696 217.625 13— 136 33.18 110.6
Agua H,0 16.3872 388570 230.170 0—200 40.66 100.0
o-Xileno CgHjp 14.0415  3358.79 212.041 40 — 172 36.24 1444
m-Xileno CgHyg 14.1387  3381.81 216.120 35— 166 35.60 139.1
p-Xileno CgHyp 14.0579 333145 214.627 35— 166 35.67 1383

Ref. J. M. dmith, 11 .C. Van Ngss g M. M. {Ibbott, Introduccion a la Termodindmica gn Ingigneria
Quimica, €d. Me Graw Hill Interamericana, M¢jico, 2007.
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Tabla 7. Entalpias de fusion y de vaporizacion estandar a la temperatura de
transicion Ai-H? / K] mol-1

T/ Fusidn T, /K Vaporizacion /K Fusion T, /K Vaporizacién
Elementos o, 217.0 8.33 194.6 25235
Ag 1234 11.30 2436 250.6 Cs, 161.2 4.39 319.4 26.74
Ar 83.81 1.188 87.29 6.506 H,0 273.15 6.008 373.15 40.656
Br, 265.9 10.57 3324 29.45 44,016 a 298 K
cl, 1721 6.41 2391 2041 H,S 187.6 2377 2128 18.67
F, 536 0.26 85.0 3.16 H,S0, 2835 2.56
H, 13.96 0.117 20.38 0916 NH, 195.4 5.652 239.7 23.35
He 35 0.021 422 0.084
Hg 2343 2.292 629.7 . 59.30 Compuestos organicos
K 336.4 235 1031 80.23 CH, 90.68 0.941 117 8.18
I, 386.8 15.52 458.4 41.80 cal, 250.3 25 350 30.0
N, 63.15 0.719 77.35 5586 CH, 89.85 2.86 184.6 147
Na 371.0 2,601 1156 98.01 CgHg 278.61 10.59 353.2 30.8
0, 5436 0.444 90.18 6.820 CH,, 178 13.08 342.1 28.85
Xe 161 230 165 126 CyoHy 354 18.80 4900 51.51

’ CH,0H 175.2 3.16 337.2 35.27

Compuestos inorganicos 37.99a 298K
ccl, 250.3 247 349.9 C,H,OH 158.7 4.60 352 43.5

Ref. P. Atkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, rgentina, 2008.

Tabla 8. Entropias estandar (A«S2 / ] K'1mol!) (y temperaturas) de transicion

de fasea 1 atm

Fusion (a T;)

Vaporizacion (a T,,)

Ar 14.17 (a 83.8 K) 7453 (a 87.3 K)
Br, 39.76 {a 265.9 K) 88.61 (a 332.4 K)
CH, 38.00 (2 278.6 K) 87.19 (a 353.2 K)
CH,COOH 40.4 (2 289.8K) 61.9 (a 391.4 K}
CH,0H 18.03 (a 175.2 K) 104.6 (2 337.2 K)
cl, 37.22 (a 172.1 K) 85.38 (a 239.0 K)
H, 8.38 (a 14.0K) 44.96 (2 20.38 K)
H,0 22.00(a 273.2 K} 109.0 (a 373.2K)
H,S 12.67 (a 187.6 K) 87.75{a 212.0K)
He 4.8 (a 1.8 Ky 30 bar) 19.9(a 4.22 K)
N, 11.39 (2 63.2 K) 75.22(a774K)
NH, 28.93(a 1954 K) 97.41 (2 239.73 K)
01 8.17 (a 54.4 K) 75.63 (2 90.2 k)

Ref. P. Atkins y J. dg Paula, Quimica Fisica, €d. M¢dica Panamericana, {rgentina, 2008.

Tabla 9. Entalpias y entropias de vaporizacion estandar de liquidos en su punto
de ebullicion normal

A HZ{(k mol) 6./°C A, STIUK mol)

Agua 40.7 100.0 +109.1
Benceno 308 80.1 +87.2
Ciclohexano 30.1 80.7 +85.1
Decano 38.75 174 +86.7
Dimetiléter 21.51 -23 +86
Disulfuro de carbono 26.74 46.25 +83.7
Etanol ! 38.6 783 +110.0
Mercurio 59.3 356.6 +94.2
Metano 8.18 -161.5 +73.2
Metanol 35.21 65.0 +104.1
Sulfuro de hidrdgeno 18.7 -60.4 +87.9
Tetracloruro de carbono - 30.00 76.7 +85.8

Ref. P.Atkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, {rgentina, 2008.
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Tabla 10. Datos termodinamicos para compuestos organicos a 298 K

Mlilgmol)  AHT[KImol)  A,G%/(k)mol”) ST/ K mol) Crn /U K mol) A H7[(J mol)

C (s) (grafito) 1201 0 0 5.740 8.527 -393.51
C (s) (diamante) 12.01 +1.895 +2.900 2377 6.113 -395.40
0, (g 44.010 -393.51 -394.36 213.74 371
Hidrocarburos
CH, (g), metano 16.04 -74.81 -50.72 186.26 3531 -890
CH, (g), metil 15.04 +145.69 +147.92 194.2 38.70
C,H, (g), etino 26.04 +226.73 +209.20 20094 43.93 -1300
CH, (), eteno 28.05 +52.26 +68.15 219.56 4356 -4
C,H, (g), etano 30.07 -84.68 -32.82 229.60 52.63 -1560
C;H; (g}, propeno 42.08 +20.42 +62.78 267.05 63.89 -2058
C,H; (g), ciclopropano 42,08 +53.30 +104.45 237.55 55.94 +-2091
C,H, (@), propano 44.10 -103.85 -23.49 26991 735 -2220
C,H, (g), 1-buteno 56.11 -0.13 +71.39 305.71 85.65 -2717
C,H, (g), cis-2-buteno 56.11 -6.99 +65.95 300.94 78.91 -2710
CH,, (@), trans-2-buteno  56.11 -11.17 +63.06 296.59 87.82 -2707
C,H,, (g), butano 58.13 -126.15 -17.03 310.23 97.45 -2878
CH,, (g), pentano 72.15 -146.44 -8.20 348.40 120.2 -3537
CH,, () 72.15 -173.1
C,H, (I}, benceno 78.12 +49.0 +1243 1733 136.1 ~3268
CyH, (@) 78.12 +82.93 +129.72 269.31 81.67 -3302 .
CgH,, (1), ciclohexano 84.16 ~156 +26.8 156.5 -3920
CH,, (1), hexano 86.18 -198.7 204.3 -4163
C,H.CH, [g), metil-

benceno (tolueno) 92.14 +50.0 +122.0 3207 103.6 -3953
C,H,, (1), heptano 100.21 -224.4 +1.0 328.6 2243
CgH, (1), octano 114.23 -249.9 +6.4 361.1 -5471
CgH,, (1}, isooctano 114.23 ~255.1 -5461
C\oH; [s) naftaleno 128.18 +78.53 -5157
Alcoholes y fenoles _
CH,OH (1), metanol 32.04 -238.66 -166.27 126.8 81.6 -726
CH,0H (g) 32.04 -200.66 -161.96 239.81 43.89 -764
C,H,0H (1}, etanol 46.07 -277.69 -174.78 160.7 111.46 -1368
C,H,0H (g) 46,07 -235.10 -168.49 282.70 65.44 -1409
C4H,OH (s), fenol 94.12 -165.0 -50.9 146.0 -3054
Acidos carboxilicos, hidroxiacidos y ésteres
HCOOH (1), formico 46.03 -424.72 -361.35 128.95 99.04 -255
CH,COOH (1), acético 60.05 -484.5 -389.9 159.8 124.3 -875
CH,COOH (aq) 60.05 -485.76 -396.46 178.7
CH,CO; {aq) 59.05 -486.01 -369.31 86.6 -6.3
(COCHY, (s), oxélico 90.04 -827.2 117 -254
C,H,COOH (s), benzoico 12213 -385.1 -2453 167.6 146.8 -3227
CH,CH(OH)COOH (s),

lactico 90.08 -694.0 ~1344
CH,COOC,H;, (1), acetato

de etilo 88.11 -479.0 -332.7 258.4 170.1 -2231
Aldehidos y cetonas alifaticos
HCHO (g), metanal 30.03 -108.57 -102.53 218.77 35.40 -571
CH,CHO (1}, etanal 44.05 -192.30 -128.12 160.2 ~-1166
CH,CHO (g} 44.05 -166.19 -128.86 250.3 57.3 -1192
CH,COCH, (1), propanona  58.08 -248.1 -155.4 200.4 124.7 -1790
Azlicares
C,H,,0 (s), -0-glucosa  180.16 -1274 -2808
CgH,,0; (s), B-o-glucosa  180.16 -1268 -910 212
CH,;04 (5), B-p-fructosa  180.16 ~1266 -2810
C,;H;,0,, (5), sacarosa 342.30 -2222 -1543 360.2 -5645
Compuestos nitrogenados
CO(NH,}, (s), urea 60.06 -333.51 -197.33 104.60 93.14 -632
CH,NH, (g), metilamina ~ 31.06 -22.97 +32.16 243.41 53.1 -1085
C,H,NH, (1), anilina 93.13 +31.1 -3393
CH,(NH,)COOH (s), glicina ~ 75.07 -532.9 -373.4 1035 99.2 -969

Ref. P. dtkins g J. de Paula, Quimica Fisica, €d. M¢dica Panamgricana, {Irgentina, 2008.
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Tabla 11. Datos termodinamicos para compuestos inorganicos a 298 K

M[{g mol™") A HT (k) mol"} A G®[(k) mol™) S/ K" mol™) Com /U K mol™)

Aluminio

Al (s) . 26.98 0 0 2833 2435
AN 26.98 +10.56 +7.20 39.55 24.21
Al (g} 26.98 +326.4 +285.7 164.54 21.38
AP+ {q) 26.98 +5483.17

AP* (aq) 26.98 -531 -485 -321.7

ALO, (s, @) 101.96 -1675.7 -1582.3 50.92 79.04
AIC, (s) 133.24 -704.2 -628.8 110.67 91.84
Argén

Ar (g) 39.95 0 0 154.84 20,786
Antimonio '

Sb (s) 121.75 0 0 45,69 25.23
SbH, (g) 12477 +145.11 +147.75 232.78 41,05
Arsénico

As (s, o) 74.92 0 0 35.1 24.64
As (g) 74.92 +302.5 +261.0 17421 20.79
As, (9) 299.69 +1439 +92.4 314

AsH, (g) 77.95 +66.44 +68.93 222.78 38.07
Azufre

S (s, @) (rombico) 32.06 0 0 31.80 22.64
S {s, ) (monoclinico) 32.06 +0.33 +0.1 326 236
Sg) 32.06 . +278.81 +238.25 167.82 23.673
S, (a) 64.13 +128.37 +79.30 228.18 32.47
S* (ag) : 32.06 +33.1 +85.8 -14.6

S0, () 64.06 -296.83 -300.19 248.22 39.87
S0, (g) 80.06 -395.72 -371.06 256.76 50.67
H,50, () 98.08 -813.99 -690.00 156.90 138.9
Azutre {Continuacion) ‘

H,S0, (aq) 98.08 -909.27 -74453 20.1 -293
507 (aq) 96.06 -909.27 -744.53 20.1 -293
HS0; (ag) 97.07 -887.34 -755.91 131.8 -84
H,S (9) 34.08 -20.63 : -33.56 20579 34.23
H,S (aq) 34.08 -39.7 -27.83 121

HS- (aq) 33.072 -17.6 +12.08 62.08

SF, (g) 146.05 -1209 -1105.3 291.82 97.28
Bario

Ba (s) 137.34 0 0 62.8 28.07
Ba (q) 137.34 +180 +146 : 170.24 20.79
Ba?* (aq) 137.34 -537.64 -560.77 96

Ba0 (s) 153.34 -553.5 -525.1 70.43 4778
BaCl, (s) 208.25 -858.6 -810.4 123.68 75.14
Berilio

Be (s) 9.01 0 0 9.50 16.44
Be (g) 9.01 +324.3 +286.6 136.27 ) 20.79
Bismuto '

Bi (s) 208.98 0 0 56.74 25.52
Bi (a) 208.98 +207.1 +168.2 187.00 20.79
Bromo

Br, () 159.82 0 0 152.23 75.689
Br, (g) 159.82 +30.907 +3.110 245.46 36.02
Br(g) 79.91 +111.88 +82.396 175.02 20.786
Br{q} 79.91 -219.07

Br- {aq) 79.91 -121.55 -103.96 82.4 -1418
HBr (g) 90.92 -36.40 -53.45 198.70 29.142
Cadmio o
Cd (s, 7) 11240 0 0 51.76 2598
Cd (g) -112.40 +112.01 +77.41 167.75 20.79
Cd” (aq) . 112.40 -75.90 -77.612 -732
CdoO (s) 128.40 -258.2 -228.4 54,8 43.43
CdCo, (s) 172.41 -750.6 -669.4 92.5
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M(g mol")

A H7[{kJ mol")

A G*/(kJ mol")

Sl K mol)

Cyn 0 K" mol)

Calcio
Ca(s)
Ca (g)
. Ca* (ag)
Ca0 (s)
CaCo, (s) (calcita)
CaCo, (s) (aragonito)
CaF, (s)
CaCl, (s)
CaBr, (s)

Carbono (para compuestos “orgénicos”, ver Tabla 2.5)

C (s) (grafito)
C (s) (diamante)

Clg)
C,(g)

€O (g)
€0, (g)
€0, faq)
H,C0, (aq)
HCO; (aq)
€03 (aq)
cel,
s, ()
HCN (g)
HCN (1)
CN- (aq)
Cesio

Cs(s)
Cs(q)
Cs* (aq)
Cloro

a, ()
Cl{g)
Cl-(g)

ClI- (aq)
HCl (g)
HCl (aq)
Cobre
Culs)
Cu(g)

Cu* (aq)
Cu® (aq)
Cu,0 (s)
Cu0 (s)
Cus0, (s)
CuS0,-H,0 (s}
CuS0,-5H,0 (s)
Cromo
Crs)
Cr(q)
Cr0} {aq)
Cr,0% (aq)
Deuterio
D, (g]

HD (g)
0,0 (9)
D,0{1)
HDO (g)
HDO (1)

40.08 0
40.08 +178.2
40.08 -542.53
56.08 -635.09

100.09 -1206.9

100.09 -1207.1
78.08 -1219.6

110.99 -795.8

199.90 -682.8
12011 0
12011 +1.895
12011 +716.68
24022 +831.90
28011 -110.53
44010 -393.51
44.010 -413.80
62.03 -699.65
61.02 -691.99
60.01 -677.14

153.82 -135.44
76.14 +89.70
27.03 +135.1
27.03 +108.87
26.02 +150.6

13291 0

132.91 +76.06

132.91 ~258.28
70.91 0
35.45 +121.68
35.45 -233.13
35.45 -167.16
36.46 -92.31
36.46 -167.16
63.54 0
63.54 +338.32
63.54 +71.67
63.54 +64.77

143.08 -168.6
79.54 -157.3

159.60 -771.36

177.62 -1085.8

249.68 -2279.7
52.00 0
52,00 +396.6

115.99 -881.15

21599 -14903

4028 0

3.022 +0318
20.028 ~249.20
20.028 -294.60
19.022 -24530
19.022 -289.89

16

+144.3
-553.58
-604.03
-1128.8
-1127.8
-1167.3
-748.1
~-663.6

0
+2.900

+671.26
+775.89
-137.17
-394.36
-385.98
-623.08
-586.77
-527.81
-65.21
+66.27
+124.7
+124.97
+172.4

+49.12
-292.02

0
+105.68

-131.23
-95.30
-131.23

0
+298.58
+49.98
+65.49
-146.0
~-129.7
-661.8
-918.11
-1879.7

+351.8
-727.75
-1301.1

-1.464
-234.54
-243.44
-233.11
-241.86

41.42
154.88
-53.1

39.75

929

88.7

68.87
104.6
130

5.740
2377

158.10
199.42
197.67
213.74
117.6
187.4
91.2
-56.9
216.40
151.34
201.78
112.84
94.1

856.23
175.60
133.05

223.07
165.20

56.5
186.91
56.5

33.150

166.38

-99.6
93.14
42,63

109

146.0

300.4

23.77
174.50

50.21
261.9

144.96
143.80
198.34
75.94
199.51
79.29

2531
20.786

42.80
81.88
81.25
.67.03
72.59

8.527
6.113

20.838
4321
29.14
371

131.75
75.7
35.86
70.63

3217
20.79
-10.5

339
21.840

-136.4
29.12
-136.4

24.44
20.79

63.64

42.30
100.0
134
280

23.35
20.79

29.20
29.196
3427
84.35
33.81



M/(g mal) A H7[(k) mol™) A G ®[(k) mol™) S l0 K mol™) Gy {U K mol™)

Estaiio
Sn (s, f) 118.69 ' 0 0 51.55 26.99
Sn (g) 118.69 +302.1 +267.3 168.49 20.26
Sn?* (aq) 118.69 -8.8 -27.2 -17
Sn0 (s) 134.69 -285.8 -256.9 56.5 4431
Sn0, (s) 150.69 -580.7 -519.6 ) 52.3 52.59
Fldor
F, (g) 38.00 0 0 202.78 31.30
F(g) 19.00 +78.99 +61.91 158.75 22.74
F (aq) 19.00 -332.63 -278.79 -13.8 -106.7
HF {g) 2001 -271.1 -273.2 173.78 29.13
Fosforo
P (s, blanco) 30.97 0 0 41.09 23.840
P (g) 3097 +314.64 +278.25 163.19 20.786
P, {g) . 6195 +144.3 +103.7 218.13 32.05
P, (g) 123.90 +58.91 +24.44 279.98 67.15
PH, (g} 34.00 +5.4 +13.4 210.23 37.11
PCl, (g) 137.33 ~287.0 -267.8 311.78 71.84
PCL, (1) 137.33 -319.7 -272.3 217.1
PCl, (g} 208.24 -374.9 -305.0 364.6 112.8
PCl (s) 208.24 -443.5
H,PO, (s) 82.00 -964.4
H,PO, (aq) 82.00 -964.8
H,PQ, (s) 94.97 -1279.0 ~1119.1 110,50 106.06
H,PQ, (1) 94.97 -1266.9
H,PO, (ag) 94.97 -1277.4 -1018.7 -222
PO?- (aq) 94.97 -1277.4 -1018.7 -221.8 :
PO, (s} 283.89 -2984.0 -2697.0 228.86 211.71
P,0; (s) 219.89 -1640.1
Helio
He (g) 4003 0 0 126,15 20.786
Hidrogeno (ver también deuterio)
H, (g) 2016 0 0 130.684 28.824
H (g) 1.008 +217.97 +203.25 114.71 20.784
H* (aq) 1.008 ] 0 0 0
H* (g) 1.008 +1536.20
H,0 (1) 18.015 -285.83 -237.13 69.91 75.291
H,0 (g) 18.015 - -241.82 -228.57 188.83 33.58
H,0,() 34.015 =187.78 -120.35 109.6 89.1
Hierro
Fe (s) 55.85 0 0 27.28 25.10
Fe (g) 55.85 +416.3 +370.7 180.49 - 25.68
Fe?* (aq) 55.85 -89.1 -78.90 -137.7
Fe** (aq) 55.85 -48.5 -47 -3159
Fe,0, (s) (magnetita) 231.54 -11184 -1015.4 146.4 143.43
Fe,0, (s) (hematites) 159.69 -824.2 -742.2 87.40 103.85
FeS (s, o) 87.91 -100.0 -100.4 60.29 50.54
FeS, (s) 119.98 -178.2 -166.9 52.93 62.17
Kriptdn
Kr(g) 83.80 0 0 164.08 20.786
Litio
Li(s) 6.94 0 0 29.12 2477
Li(g) 6.94 +159.37 +126.66 138.77 20.79
Li* {ag) 6.94 -278.49 -293.31 13.4 68.6
Magnesio
Mg (s} 2431 0 0 32.68 24.89
Mg (g) 2431 +147.70 +113.10 148.65 20.786
Mg (aq) 24.31 -466.85 -454.8 . -138.1
MgO (s) 40.31 -601.70 -569.43 26.94 3715
MgCO, (s) 84.32 -1095.8 -1012.1 65.7 75.52
MgCl, (s) 95.22 -641.32 -591.79 89.62 71.38
Mercurio
Ha (1) 200.59 0 0 76.02 27.983
Hg (g) 200.59 +61.32 +31.82 174.96 20.786
Hg** {aq) 200.59 #1711 +164.40 -32.2
Hg2* {aq} 401.18 +172.4 +153.52 84,5
HgO (s) 216.59 -90.83 -58.54 70.29 44,06
Hg,Cl, (s) 472.09 -265.22 -210.75 1925 102
HgCl, (s} 271.50 -2243 -178.6 146.0
HgS (s, negro) 232.65 -536 -47.7 88.3
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M(g mol") A H7[{kJ mol") A G*/(kJ mol") Sl K mol) C‘f’m /U K-' mol™)

Nedn

Ne (g) 20.18 0 0 146.33 20.786

Nitrageno

N, (g) 28013 0 0 191.61 29.125
N (g) 14.007 +472.70 +455.56 153.30 20.786
NO (g) 30,01 +90.25 +86.55 210.76 29.844
N,0 (g) 44.01 +82.05 +104.20 219.85 3845
NO, (g) 46.01 +33.18 +51.31 240.06 37.20
N,0, (g) 92.01 +9.16 +97.89 304.29 77.28
N,O, (s) 108.01 -43.1 +113.9 178.2 143.1
N,0, (g) 108.01 +11.3 +115.1 355.7 84.5
HNO, (1) 630 -174.10 ~80.71 155.60 109.87
HNQ, (aq) 63.01 -207.36 -111.25 146.4 -86.6

NO; (aq) 62.01 -205.0 -108.74 146.4 -866

NH, (g} 17.03 -46.11 -16.45 19245 3506
NH, (aq) 17.03 -80.29 -26.50 113 )

NH; (aq) 18.04 -132.51 -79.31 113.4 79.9
NH.OH () 33.03 -114.2 ‘

HN, (1) 43.03 +264.0 +3273 140.6 43.68
HN, (g) 43.03 +294.1 +328.1 238.97 98.87
N,H, (1) 32.05 +50.63 +149.43 121.21 139.3
NH,NO, (s) 80.04 -365.56 -183.87 151.08 84.1
NH,CI (s) 53.49 ©-31443 -202.87 94.6

Oro

Au (s) 196.97 0 0 47.40 25.42

Au (g) 196.97 +366.1 +362.3 180.50 2079
Oxigeno
0,9 31.999 0 0 205.138 29.355
0{g) 15.999 +249.17 +231.73 161.06 21.912
0, (g) 47.998 +142.7 +163.2 238.93 39.20
OH- (aq) 17.007 -229.99 -157.24 -10.75 -148.5
Plata ‘
Ag (s) 107.87 0 0 42.55 25.351
Ag (g) 107.87 +284.55 +245.65 173.00 20.79
Ag* (aq) 107.87 +105.58 +77.11 .72.68 21.8
AgBr (s) 187.78 -100.37 -96.90 107.1 52.38
AgCl (s) 143.32 -127.07 -109.79 96.2 50.79
Ag,0 (s} 231.74 -31.05 -11.20 1213 65.86
AgNO, () 169.88 -129.39 -33.41 140.92 T 93.05
Plomo
Pb (s) 207.19 0 0 64.81 26.44
Pb (g) 207.19 +195.0 +161.9 175.37 20.79
Pb* (aq) 207.19 -1.7 -24.43 10.5

PbO (s, amarillo) 223.19 -217.32 -187.89 ) 68.70 <4577
PbO (s, rojo) 223.19 -218.99 -188.93 66.5 45.81
PbO, (s} 239.19 -277.4 -217.33 68.6 64.64
Potasio

K (s} 39.10 0 0 64.18 29.58
K (g) 39.10 +89.24 +60.59 160.336 20.786
K+ (g) 39.10 +514.26

K* (aq) 39.10 -252.38 -283.27 102.5 218
KOH (s) 56.11 -424.76 -379.08 78.9 64.9
KF (s) 58.10 ~576.27 -537.75 66.57 49.04
KCl (s) 74.56 -436.75 -409.14 8259 . 51.30
KBr (s) 119.01 -393.80 -380.66 9590 - 52.30
Kl (s) 166.01 -327.90 -324.89 106.32 52,93
Sicilio

Si (s) 28.09 0 0 18.83 20.00
Si(g) 28.09 +455.6 +411.3 167.97 22.25
Si0, (s, @) 60.09 -910.94 -856.64 41.84 44.43
Sodio

Na (s) 22.99 0 0 51.21 28.24
Na (g) 2299 +107.32 +76.76 153.71 20.79
Na* (aq) 2299 -240.12 -261.91 59.0 46.4
NaOH (s) 40.00 ~ -425.61 -379.49 64.46 59.54
NaCl (s) 58.44 -411.15 -384.14 7213 50.50
NaBr (s) 102.90 -361.06 -348.98 86.82 51.38
Nal (s) 149.89 -287.78 -286.06 98.53 52.09
Xenon

Xe {q) _ 131.30 0 0 169.68 20.786
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M/[(g mol") AHTIK mol) A GT/(kJ mol™) S$Z/0 K mol) G, /U K mol™)
Yodo
I, (s) 253.81 0 0 116.135 54.44
l; (9) 253.81 +62.44 +19.33 260.69 36.90
I {g) 126.90 +106.84 +70.25 180.79 2(.786
I- (aqg) 126.90 -55,19 -51.57 111.3 -1423
HI (g) 127.91 +26.48 +1.70 206.59 29.158
Zinc
In(s) 65.37 0 0 41.63 25.40
Zn (g) 65.37 +130.73 +95.14 160.98 20.79
Zn?* {aq) 65.37 -153.89 -147.06 . -1121 46
Zn0 (s) 81.37 -348.28 -318.30 43.64 40.25

Ref. P. Atkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, drgentina, 2008.

Tabla 12. Capacidades calorificas de gases en el estado de gas ideal

Constantes en la ecuacién C;g/R =A+BT +CT2+DT"2

T (kelvin) desde 298 hasta Tax

Especies quimicas Tmix C j,g%/ﬂ A 10° B 100C 107°D
Parafinas:

Metano CHy 1500 4217 1.702 9.081 —2.164

Etano CyHg 1500 6.369 1.131  19.225 —5.561

Propano C3Hg 1500 9.011 1.213  28.785 —8.824

n-Butano CyHyy 1500 11.928 1.935 36915 —11.402

iso-Butano C4Hyp 1500 11.901 1.677 37.853 —11.945
n-Pentano CsHyy 1500 14.731 2464 45351 —14.111

n-Hexano CgHyy 1500 17.550 3.025 53722 -—16.791

n-Heptano C7Hig 1500 20361 3.570 62,127 —19.486

n-Octano CgHig 1500 23174 4108 70.567 —22.208
1-Alquenos:

Etileno CoHy 1500 5.325 1.424 14394 —-4,392

Propileno C3Hg 1500 7.792 1.637 22706 -6.915

1-Buteno C4Hg 1500 10.520 1.967 31.630 —9.873

1-Penteno CsHyg 1500 13437 2691 39.753 —12.447

1-Hexeno CgHiz 1500 16.240 3.220 48.189 —15.157

1-Hepteno CyHyy 1500 19.053 3.768 56.588 —17.847

1-Octeno CgHyjg 1500 21.868 4324 64960 —20.521
Orgénicos diversos:

Acetaldehido C;H40 1000 6.506 1.693  17.978 —6.158

Acetileno CoHy 1500 5.253 6.132 1952 ... —1.299
Benceno CgHg 1500 10259 —0206 39.064 ~13.301
1,3-Butadieno C4Hg 1500 10.720 2734 26.786 —8.882
Ciclohexano CgHiz 1500 13121 -3.876 63.249 -20.928

Etanol C2HgO 1500 8.048 3518 20.001 —6.002
Etilbenceno CgHyy 1500 15.993 1.124 55380 —18.476

Oxido de etileno CyH40 1000 5.784 0385 23.463 —9.296
Formaldehido CH,0 1500 4.191 2.264 7.022 —1.877

Metanol CH40 1500 5.547 2211 12216 —3.450

Estireno CgHg -~ 1500 15.534 2.050 50.192 —16.662

Tolueno C7Hg 1500 12.922 0.290 47052 -15.716
Inorginicos diversos:

Aire 2000 3.509 3.355 0575  --eee- —0.016
Amoniaco NH3 1800 4.269 3.578 3020 .- —0.186
Bromo Bry 3000 4.337 4.493 0056 ... —0.154
Monéxido de carbono CO 2500 3.507 3.376 0.557  ----- —0.031
Diéxido de carbono COy 2000 4.467 5.457 1.045 ---e- —-1.157
Disulfuro de carbono CSy 1800 5.532 6.311 0805  ...eee —0.906
Cloro Cly 3000 4.082 4,442 0089 - —0.344
Hidrégeno Hp 3000 3.468 3.249 0422 ..o 0.083
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Especies quimicas Tmix € J:’;;s /R A 10°B 1wéc 107°D
Sulfuro de hidrégeno HjS 2300 4.114 3.931 1490  ..eeee -0.232
Cloruro de hidrégeno HCI1 2000 3.512 3.156 0623 ... 0.151
Cianuro de hidrégeno HCN 2500 4.326 4.736 1359 ... -0.725
Nitr6geno Ny 2000 3.502 3.280 0.593 eeens 0.040
Oxido nitroso N,O 2000 4.646 5.328 1214 oo —0.928
Oxido nitrico NO 2000 3590 3387 0.629  oeee- 0.014
Diéxido de nitrégeno NO, 2000 4.447 4.982 1.195 «ooenn —0.792
Tetraéxido de dinitrégeno  NpOy 2000 9.198  11.660 2257 eeeees -2.787
Oxigeno 0, 2000 3:535 3.639 0.506  --.een -0.227
Diéxido de azufre SOy 2000 4.796 5.699 0801  ...een -1.015
Tri6xido de azufre SO3 2000 6.094 8.060 1.056 ... —-2.028
Agua ' H,O 2000 4.038 3.470 1450 ... 0.121

T Seleccionadas de H. M. Spencer, Ind. Eng. Chem., vol. 40, pp. 2152-2154, 1948; K. K. Kelley, U.S. Bur.
Mines Bull, 584, 1960; L. B. Pankratz, U.S. Bur. Mines Bull, 672, 1982.

Ref. J. M. Smith, 11 .C. Van Ngss g M. M. {Ibbott, Introduceidén a la Termodindmica gn Ingigneria
Quimica, €d. Me Graw Hill Interamericana, M¢jico, 2007.

Tabla 13. Capacidades calorificas de sélidos
Constantes para la ecuacién Cp/R = A+ BT + DT—2
T (kelvin) desde 298 hasta T4«

Especies quimicas  Trnix ~ Cpyq/R A 1038 105D
Ca0 2000 5058 6104 0443 —1.047
CaCO; 1200 9.848 12572 2637  ~3.120
Ca(OH); 700 11217 9597 5435
CaC, 720 7508 8254 1429 —1.042
CaCly 1055 8762 8646 1530 —0.302
C (grafito) 2000 1.026 1.771 0.771 —0.867
Cu 1357 2959 2677 0815 0035
Cu0 1400 5087 5780 0973 ~0.874
Fe (a) 1043 3005 —0.111 6111 1.150
Fe;04 960 12480 11812 9697 -1976
Fe304 850 18.138  9.594  27.112  0.409
FeS 411 6573 2612 13.286
153 386.8 6929 6481  1.502
LiCl 800 5778 5257 2476 —0.193
NH4Cl 458 10741 5939  16.105
Na 37 3386 1988  4.688
NaCl 1073 6111 5526 1963
NaOH 566 7177 0121 16316 1.948
NaHCO; 400 10539 5.128  18.148
S (rémbico) 368.3 3748 4114 -1728 —0.783
Si0; (cuarzo) 847 5345 4871 5365 —1.001

T Seleccionado de K. K. Kelley, U.S. Bur. Mines Bull, 584, 1960; L. B. Pan-
kratz, U.S. Bur. Mines Bull, 672, 1982.

Ref. ). M. Smith, 1 .C. Van Ngss g M. M. {Ibbott, Introduceidén a la Termodindmica gn Ingigneria
Quimica, €d. Me Graw Hill Intgramericana, M¢jico, 2007.
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Tabla 14. Capacidades calorificas de liquidos

Constantes para la ecuacién Cp/R = A + BT + CT?
T desde 273.15 hasta 373.15 K

Especies quimicas Cpygg /R A 103 B 106 ¢
Amoniaco 9.718 22.626 —100.75 192,71
Anilina 23.070 15.819 29.03 -15.80
Benceno 16.157 —0.747 67.96 -37.78
1,3-Butadieno 14.779 22711 —87.96 205.79
Tetracloruro de carbono  15.751 21.155 —48.28 101.14
Clorobenceno 18.240 11.278 32.86 -31.90
Cloroformo 13.806 19.215 —42.89 83.01
Ciclohexano 18737  —9.048 141.38 —161.62
Etanol 13444 33866 —172.60 34917
Oxido de etileno 10.590  21.039  -86.41 172.28
Metanol 9.798 13.431 —51.28 131.13
n-Propanol 16.921 41.653 —210.32 427.20
Triéxido de azufre 30,408 —2.930 137.08 —84.73
Tolueno 18.611 15.133 6.79 16.35
Agua 9.069 8.712 1.25 —0.18

T Basado en correlaciones presentadas por J. W. Miller, Jr., G. R. Schorr
y C. L. Yaws, Chem. Eng., vol. 83(23), p. 129, 1976.

Ref. J. M. Smith, 11 .C. Van Ngss g M. M. {Ibbott, Introduceidén a la Termodinédmica gn Ingigneria
Quimica, €d. Me Graw Hill Interamericana, M¢jico, 2007.

Tabla 15. Conductividades idonicas a dilucion infinita / S cm2 mol-!, en agua a 298

K
Cation A° Anion A°

H* 349,8 HO 199,1
Li* 38,6 F 55,4
Na* 50,1 cr 76,35

K* 73,5 Br 78,1
Rb* 77,8 I 76,8
Cs* 77,2 N5 69,0
Ag’ 61,9 NO; 71,5
TI 74,7 ClOs 64,6
NH," 73,5 BroOy 55,7
Be®* 90,0 105 40,5
Mg 106,0 Cloy 67,3
Ca** 119,0 10, 54,5
Sr 118,8 ReO, 54,9
Ba 127,2 HCO; 44,5
cu®* 107,2 Formiato 54,5
zZn’* 105,6 Acetato” 40,9
Co?* 110,0 Propianato’ 35,8
Pb* 139,0 Butirato” 32,6
La®" 209,1 Benzoato 32,3
ce** 209,4 Picrato’ 30,4
Eu®* 203,4 SO, 160,0
Gd** 201,9 C,0,% 148,2
Yb** 196,8 CO5” 138,6

Ref. adaptado dg R. 1. Robinson gy R. . dtokes, Electrolyte Solutions, €d. Butterworths, loondres,
1975.
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Tabla 16. Conductividades idnicas a dilucion infinita /S cm2 mol-, en agua a
diferentes temperaturas

Ref. adaptado dg R. 1. Robinson gy R. . Stokes, Electrolyte Solutions, €d. Butterworths, lsondres,

1973.

16n 0°C 5°C | 15°C | 18°C | 25°C | 35°C | 45°C | 55°C | 100°C
H* 225,0 | 250,1 | 300,6 | 3150 | 349,8 | 397,0 | 441,4 | 483,1 | 630,0
Li* 19,4 22,7 30,2 32,8 38,6 48,0 58,0 68,7 | 115,0
Na* 26,5 30,3 39,7 428 50,1 61,5 73,7 86,8 | 145,0
K* 40,7 46,7 59,6 63,9 73,5 88,2 | 103,4 | 1192 | 195,0
Rb* 43,9 50,1 63,4 66,5 77,8 929 | 1085 | 124,2
Cs* 44,0 50,0 63,1 67,0 77,2 92,1 | 1075 | 123,6
Ag’ 33,1 53,5 61,9 175,0
NH,* 40,2 63,9 73,5 88,7 180,0
Mg** 57,8 89,8 | 106,0 330,0
ca* 62,4 93,8 | 101,4 | 119,0 | 146,4 | 1764 360,0
Sr% 62,0 101,8 | 118,8
Ba’" 68,0 109,2 | 127,2 390,0
La 102,0 178,5 | 209,1 645,0
HO 105,0 165,9 | 1758 | 199,1 | 233,0 | 267,2 | 301,4 | 450,0
F 473 55,4
Cl 41,0 47,5 61,4 66,0 | 76,35 | 92,2 | 1089 | 1264 | 212,0
Br 42,6 49,2 63,1 68,0 78,1 940 | 110,6 | 127,8
I 41,4 48,5 62,1 66,5 76,8 92,3 | 108,6 | 1254
NO; 40,0 62,3 71,5 85,4 195,0
Clo, 36,9 58,8 67,3 185,0
Acetato | 20,1 35,0 40,9
S0,> 82,0 136,8 | 160,0 520,0

Tabla 17. Conductividad (k) y conductividad molar (A ) de KCI en disolucion
acuosa a diversas concentraciones a 298 Ky 1 atm

C (mol L™ 0,001 0,01 0,1 1
« (S/cm) 0,000147 | 0,00141 0,0129 0,112
A (S cm’ mol™) 147 141 129 112

Ref. . N. lsgving, Fisicoguimica, Vol. 2, €d. Me Graw Hill, Espafia, 1995.
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Tabla 18. Constantes de acidez en soluciones acuosas a 298 K, ordenados por

fuerza del acido

Acido HA AT K, pK,
Yodhidrico HI I 10" —11
Bromhidrico HBr Br~ 10 -9
Clorhidrico HCl cr 107 -7
Sulfurico H,80, HSO; 10? -2
Perclérice™ HCIO, cloy 4,0 % 10° -1
16n hidronio H,0* H,0 1 0,0
Oxilico (COOH), HOOCCO; 56107 1,25
Sulfuroso H,S0; HSO; 1,4%107 1,85
16n hidrégeno sulfato H50; s0F 1,0x 107 1,99
Fosférico H,PO, H,PO; 6,9%107 2,16
16n glicinio *NH,CH,COOH NH,CH,COOH 4,5% 107 2,35
Fluorhidrico HF F 63x107 3,20
Férmico HCOOH HCO; 1,8x 107 3,75
16n hidrogeno oxalato HOOCCO; C,0f 1L,5x 107 3,81
Lictico CH;CH(OH)COOH CH,CH(OH)CO; 14x 107 3,86
Acético (etanoico) CH,COOH CH,CO3 14x107° 4,76
Butanoico CH,CH,CH,COOH CH,CH,CH,CO; 1L,5%x107° 4,83
Propanoico CH,CH,COOH CH,CH,CO7 1,4x107° 4,87
[6n anilinio CHNHY CgHNH, 1,3% 107 4,87
16n piridinio C,H NH* CHN 59% 107 523
Carbénico H,CO,4 HCOj; 4,5% 107 6,35
Sulthidrico H,S HS” 89x10°F 7,05
16n dihidrégeno fosfato H,PO; HPOZ 6,2%107F 721
Hipocloroso HCIO Clo™ 4,0%1078 7,40
[6n hidrazinio NH,NHJ NH,NH, 8x 107 8,1
Hipobromoso HBrO BrO~ 2,6%107° 8,55
Cianhidrico HCN CN- 6,2 % 10710 9,21
16n amonio NH} NH, 56x 10710 9,25
Bérico* B(CH), B(OH); 5,4% 1071 9,27
16n trimetilamonio (CH,),NH* (CH;),N Lex 10710 9,80
Fenol CH,OH CH0™ 1,0x 1070 9,99
[6n hidrégeno carbonato HCOJ cor 4,8x 107" 10,33
Hipoyodoso HIO 107 3x 107" 10,5
Ton etilamenio CH,CH,NH} CH,CH,NH, 22%107! 10,65
16n metilamonio CH,NH3 CH,NH, 2,2%1071 10,66
[6n dimetilamonio (CH,),NH} (CH,),NH L9x 1071 10,73
I6n trietilamonio (CH,CH,),NH* (CH,CH,),N Lgx10™" 10,75
16n dietilamonio (CH,CH,),NH} (CH,CH,),NH Lax1o0! 10,84
16n hidrogeno arseniato HAsOf' ASOE_ 51% 1072 11,29
16n hidrogeno fosfato HPO}~ PO;}” 4,83 1078 12,32
16n hidrogeno sulfuro HS™ s 1,0% 107 19,00

Ref. P. (tkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, Wrgentina, 2008.
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Tabla 19. Constantes de acidez en soluciones acuosas a 298 K, en orden

alfabético

Acido HA A K, pK,
Acético (etanoico) CH,;COOH CH,CO; 14107 4,76
Bérico* B(OH), B(OH); 54% 10710 9,27
Bromhidrico HBr Br~ 10° -9
Butanoico CH,CH,CH,CO0H CH,CH,CH,CO; 1,5x 107 4,83
Carbénico H,CO, HCO3 45%107 6,35
Cianhidrico HCN CN 6,2x 10710 9,21
Clorhidrico HCI ClI 107 -7
Fenol C,H0H CH,0 1,0x 10710 9,99
Fluorhidrico HF F 6,3% 107 3,20
Férmico HCOOH HCO3 1,8x 107 3,75
Fosférico H,PO, H,p0; 6,9%167 2,16
Hipobromoso HB:O BrO- 2,8%107° 8,55
Hipocloroso HCIO clo- 40x107 7,40
Hipoyodoso HIO 107 3x1071 10,5
16 amonio NH} NH, 5,6% 10710 9,25
1én anilinio CH N C,H,NH, 13%10° 4,87
161i dimetilamonio (CH,CH,),NH] (CH,;CH,),NH 14x 107! 10,84
Ién dihidrogeno fosfato H,PO; HPOJ 6,2x10°8 7,21
16n dietilamonio (CH,),NH} (CH,),NH 1,9x 107" 10,73
16n etilamnonio CH,CH,NH} CH,CH,NH, 22x 1071 10,65
Ton glicinio *NH,CH,COOH NH,CH,COOH 45%107 2,35
16n hidrazinio NH,NH} NH,NH, 8x107? 8,1
Tonhidrico HI r ) 101 -11
16n hidrogeno arsenaio HAsO_f' AsOf‘ 5,1 % 1072 11,29
16n hidrégeno carbonato HCOj3 cor 4,8x 1071 10,33
T6n hidrégeno oxalato HOOCCO; C,0 1,5%107° 3,81
I6n hidrogeno fosfato HPO} PO} 4,8% 1071 12,32
I6n hidrogeno sulfato HSO7 SO}' 1,0%107? 1,99

- 16n hidrogeno sulfuro HS™ §* 1,0x 107" 19,00
I6n hidronio H,0* H,0 1 0,0
16n metilamonio CH,NH} CH,NH, 2,2x 1071 10,66
16n piridinio C;H,NH* CH.N 5,9%107° 5,23
I6n trietilamonio (CH;CH,);NH* (CH,CH,),N 1,8x 107 10,75
I6n trimetilamonio (CH,),NH* (CH,),N 1,6 10710 9,80
Léctico CH,CH(CH)COOH CH,CH(OH)CO; 1L,4x10™ 3,86
Oxilico (COOH), HOOCCO; 56% 107 1,25
Perclérico* HCIO, cioy 4,0x 10" ~L6
Propanoico CH,CH,COOH CH,CH,CO; 1,4%107 4,87
Sulfhidrico H,S HS™ 8,9x%1078 7,05
Sulfiirico H,80, HSO, 10 -2
Sulfuroso H,50, HSO7 14x 1077 1,85

Ref. P. {tkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, Wrgentina, 2008.
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Tabla 20. Potenciales Estandar a 298 K, en orden electroquimico

Hemirreaccion de reduccién E%IV Hemirreaccién de reduccion IV
Oxidantes fuertes Cu**+e — Cu' +0,16
HXeO +2H" +2¢” — XeO, +3H,0 +3,0 Sn**+2e” — Sn?t +0,15
Fy+2e7— 2F +2,87 AgBr+e — Ag+Br~ +0,07
0;+2H" +26" > 0,+H,0 +2,07 Ti** + e — T 0,00
5,00 +2¢” =5 2502 42,05 2H"+2¢" = H, 0, por definicidn
Ag¥ e — Ag +1,98 Fe** + 3¢ — Fe -0,04
Co*+¢™ — Co™* +1,81 0,+H,0+ 2 = HO; +OH" —0,08
H,0,+2H"+2¢" — 2H,0 +1,78 Pb* +2¢” — Pb -0,13
Aut+e — Au +1,69 Inf+e —=In -0,14
Pb#* + 2e™ — Pb** +1,67 Sn**+2e”— 5n -0,14
2HCIO +2H" + 2¢” - Cl, + 2H,0 +1,63 Agl+e = Ag+I -0,15
Cet 4 = Ce* +1,61 Ni*42¢" = Ni -0,23
2HBrO+2H* + 2¢” = Br, + 2H,0 +1,60 Co* +2¢"— Co -0,28
MnOj + 8H* + 5¢” — Mn® + 4H,0 +1,51 In**+3e”—In -0,34
Mn™ +e” — Mn? +1,51 Tr+e =Tl ~0,34
AuM 43¢ Au +1,40 PbSO, +2¢”— Pb+507" -0,36
Cly+2¢” - 201" +1,36 T+ e Ti? ~0,37
Cr,OF + 14H' + 6e” — 2Cr*" + 7H,0 +1,33 Cd*+2e— Cd -0,40
0, +H,0+2¢"— 0,+20H" +1,24 In*+¢" - In* —0,40
O, +4H" +4e"— 2H,0 +1,23 : Cri* e — Cr¥ -0,41
ClO; +2H" + 2¢” = CIO3 + H,0 +1,23 Fe?* +2¢™ — Fe —0,44
MnO, +4H* +2e” — Mn?" + 21,0 +1,23 In*+2¢" - In* ~0,44
Br,+2¢” -3 2B~ +1,09 S+2e" 5§ 0,48
Put*+ e — Pu¥t +0,97 I+ — In** -0,49
NOj +4H* +3¢” — NO +2H,0 +0,96 U e - U™ -0,61
JHg* +2¢" — Hg¥ +0,92 Cr*+3e = Cr -0,74
ClO™+H,0+2e” — CI" +20H" +0,89 Zn* +2¢" = 7n -0,76
Hg™ +2¢” - Hg +0,86 Cd(OH), +2¢” — Cd + 20H" -0,81
NOj+2H* +& — NO, +H,0 +0,80 2H,0 +2¢” — H, + 204" ~0,83
Agh+e o Ag +0,80 Cri*+2e" = Cr -0,91
Hgl*+2e" - 2Hg +0,79 Mn?* +2¢” - Mn -1,18
Fe¥ +¢ — Fe?* +0,77 V¥ 42e" =V -1,19
BrO™+H,0+2¢”— Br™+20H" +0,76 Ti* +2¢” = Ti -1,63
Hg,S0, + 26~ — 2Hg + S0+ +0,62 AP 43— Al ~1,66
MnQ} +2H,0 +2¢™ — MnO, +40H" +0,60 - UHs3e 5 U -1,79
MnOj +&™— MnO} +0,56 Sc* +3¢”— Sc -2,09
L+2e =20 +0,54 Mg* 4267 — Mg -2,36
CU*+e = Cu +0,52 Ce**+3e”— Ce -2,48
I;+2¢ =3I 40,53 La**+3¢ —La -2,52
NiOOH +H,0 +¢ — Ni(OH), + OH™ +0,49 Nat+e — Na . -2,71
Ag,CrO, +2e” — 2Ag + CrO3- +0,45 Ca¥"+2¢ > Ca -2,87
0, +2H,0 + 4e” — 40H~ +0,40 Sr¥*+ 26”3 Sr -2,89
ClO; + H,0 +2e” — ClO; + 20H- +0,36 Ba*"+2¢"— Ba -2,91
[Fe(CN) > +e™ — [Fe(CN),J* +0,36 Ra* +2¢” — Ra -2,92
Cu®* +2¢"—= Cu +0,34 Cs'+e = Cs -2,92
Hg,Cl, +2¢” - 2Hg +2CI° 027 Rb*+& - Rb 2,93
AgCl+e — Ag+Clm +0,22 Kr+e =K -2,93
Bi**+3¢” — Bi +0,20 Lit+e = Li -3,05

Ref. P. (tkins y J. de Paula, Quimica Fisica, €d. M¢dica Panamericana, Wrgentina, 2008.
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Tabla 21. Potenciales Estandar a 298 K, en orden alfabéticq_l

Hemirreaccién de reduccién E*V Hemirreaccion de reduccion ESV
Agt+e o Ag +0,80 Lig2e =20 +0,54
Agt e Agh +1,98 L2e =30 +0,53
AgBr+e — Ag+Br- +0,0713 In*+e —In -0,14
AgCl+e = Ag+Cl _ +0,22 ‘ In**+e —In* -0,40
Ag,CrO, +2e” — 2Ag + CrO +0,45 In*+2¢” = In* —0,44
AgF+e = Ag+FE™ +0,78 In*+3¢ = 1In -0,34
Agl+e = Ag+1™ -0,15 In* +e = In* -0,49
AP*+3e”— Al -1,66 K*+e =K -2,93
Au*+e - Au +1,69 La** +3e” = la -12,52
Au*+3e” = Au +1,40 Lit+e = 1Li -3,05
Ba*+2¢"— Ba +2,91 . Mg +2¢” = Mg -2,36
Be* +2¢” — Be -1,85 Mn?**+2¢”— Mn -1,18
Bi**+3¢” — Bi +0,20 Mn*+ ¢ — Mn?* +1,51
Br, +2¢”— 2B1™ +1,09 MnO, +4H* + 2¢” — Mn* + 2H,0 +1,23
BrO™+H,0 +2¢” — Br™+ 20H" +0,76 MnOj +8H + 5¢” — Mn* + 4H,0 +1,51
Ca®+2¢ - Ca -2,87 MnQj +¢ - MnO} +0,56
Cd(OH),+2¢" - Cd+20H" -0,81 MnO}™+ 2H,0 +2¢” - MnO, + 40H" +0,60
Cd* +2¢ —Cd T -0,40 Na*+e — Na -2,71
Ce** 43¢ — Ce ~2,48 Ni** 4 2¢”— Ni -0,23
Ce* +e - Ce™t +1,61 NiOOH + H,0 +e” — Ni(OH), + OH~ +0,49
Cl+2e =20 +1,36 NOj3 +2H"+¢” - NO, + H,0 -0,80
ClO™+H,0 +2e” — CI" +20H- +0,89 NO3 +4H"+ 3" — NO + 2H,0 +0,96
ClO; +2H"+2e" - CI0; + H,0 +1,23 NOj +H,0+2¢” — NO; +20H" +0,10
ClO; +H,0+2¢" — ClO; +20H" . +036 0, +2H,0+4¢" — 40H" +0,40
Co™ +2¢ = Co -0,28 0, +4H*+4e” - 2H,0 +1,23
Co™+e — Co?* +1,81 0,+e =05 -0,56
Cr¥* +2e”— Cr -0,91 0,+H,0+2¢ = HO; + OH- -0,08
Cr0%~ + 14H*+ 6e” — 20>t + 7H,0 +1,33 O, +2H*+2e” = 0, +H,0 +2,07
Crt 43¢ = Cr -0,74 0,+H,0+2¢" = 0, +20H" +1,24
Cr*t+e = O -041 Pb** +2¢"— Pb -0,13
Cst+e" = Cs -2,92 Pb¥* 4 2¢” — Pb?* +1,67
Cut+e = Cu +0,52 PbSO, +2¢"— Pb+ 507" -0,36
Cu**+2¢" = Cu +0,34 Pt* +2¢" — Pt +1,20
Cu* +¢" = Cut +0,16 Pu*t + ¢ — Pu*t +0,97
E,+2¢ - 2F~ +2,87 Ra®*+2¢" > Ra -2,92
Fe +2¢— Fe -0,44 Rb*+e = Rb -2,93
Fe**+3¢”— Fe -0,04 S+2e" 8§ ~0,48
Fe* e — Fe™* +0,77 S,0% +2¢” — 2802 +2,05
[Fe(CN)J*+ e — [Fe(CN)J* +0,36 Sc* +3¢" = Sc -2,09
2H*+2¢" = H, 0, por definicion Sn™*+2¢ > Sn ~0,14
2H,0+2¢” - H, +20H" -0,83 Sn** 42" - Sn? +0,15
2HBrO+2H* +2¢” = Br, + 2H,0 +1,60 St e2e 5 - -2,89
2HCIO +2H* +2¢™ - Cl, + 21,0 +1,63 Ti*+2¢ = Ti -1,63
H,0,+2H"+2e" - 2H,0 +1,78 T +e = Ti* -0,37
HXeOg+2H* + 2¢” — XeO,+3H,0 +3,0 Tit+e - TP 0,00
Hgl*+2e™ - 2Hg +0,79 TH+e =Tl ~0,34
Hg,Cl, +2¢” — 2Hg +2CI +0,27 U*+3e = U ~1,79
Hg™+2¢"— Hg +0,86 Urte U ~061
2Hg™ +2e” — Hgl* +0,92 V¥ 42e 5V -1,19
Hg,50, + 2¢” — 2Hg + SOF +0,62 VHpe Vi -026

Zn* +2¢" = Zn -0,76

Ref. P. Atkins y J. de Paula, Quimica fisica, €d. M¢dica Panamericana, drgentina, 2008.
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Diagrama de CompregibiCidad Generalizado
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Fi0. 4-4b, Generalized compressibility-factor diagram. Medium- and high-pressure runge. (Based on data compiled by A. L. Lydersen, R. A. Greenkorn, and 0. A.
Hougen, Generalized Thermodynamic Properties of Pure Fluids, Univ. Wisconsin, Eng. Expt. Sta., Rept. 4, 1985. "By p?rmmmgd" = '

Ref. J. M. Smith g H .C. Van Ngss, Introduction to Chgmical €ngingering Thermodygnamies,
€d. Me Graw Hill Book Compangy, Inc., Nugva York, 1959.
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Diagrama del Cocficiente de Fugacidad en funcion de
propiedadeg reducidasg

20

.
.
"
.
.
"
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
(i
.
.
.
.
.
.
.
d
.
.
.
.
.
.
"
.
.
'
'
'
.
"
.
.
"
il
.
.
.
.
.
.
.
.
.
.
.
.
.
'
.
.
.
.
.
.
.
.

.........................................................................................

12

3

1,1
A
Presion reducida, p/p,

0

1,50
1,00
0,50

100

..........................................................................................

60 80

40

20
Presion reducida, p/p

0
0
0

I
r

2,5
1
1

o
™
d/j = ¢ ‘pepioebny sp sjusioye0)

Ref. P. dtkins g ). dg Paula, Quimice Fisics, €d. Médica Panaimzrieana, Hrgentina, 2008.
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