
Data Sheet – BCH341 – Tinoco - BioThermodynamics 
Table 1 – Thermodynamic Data for Selected Compounds and Elements at 1 bar and 298K. 
 

Substance  fH
o (kJ mol-1) So (J K-1 mol-1) CP

o (J K-1 mol-1)      fG
o (kJ mol-1) 

Ag (s)  0  42.55  25.4       0 

Ag+ (aq)  105.8  73.45  -       76.8 

AgCl (s)  -127.0  96.3  -       109.8 

AlCl3 (s)  -704.2  110.7  91.84       -628.8 

Ar (g)  0  154.8  20.8 

C (g)  716.7  158.2  -       669.2 

C (s, graphite) 0  5.7  8.52       0 

C (s, diamond) 1.9  2.4  6.11       2.9 

CaCO3 (s, calcite) -1206.9  92.9  -       -1128.8 

Cl2 (g)   0  223.2  -       0 

Cl- (aq)  -167.2  56.5  -       -131.2 

CO (g)  -110.5  197.8  29.1       -137.0 

CO2 (g)  -393.5  213.8  37.1       -394.4 

CO2 (aq)  -413.8  117.6  -       -386.0 

HCO3
- (aq)   

Fe (s)  0  27.28  25.1       0 

Fe3+ (aq)  -48.5  -315.9  -       -10.6 

H2 (g)  0  130.8  28.8       0 

H2SO4 (g)  -814.0  156.9  138.9       -690.0 

H2O (g)  -241.8  188.7  33.6       -228.7 

H2O (l)  -285.8  69.9  75.3       -237.1 

H2O (s)  -292.0  20.0  36.0 

H+ (aq)  0  0         0 

OH- (aq)  -230.0  -10.8  -       -157.2 

H2O2 (aq)  -191.2  143.9  -       -134.0 

Li+ (aq)  -278.5  14.23  -       -293.8 

MgCO3 (s)  -1095.8  65.7  75.5       -1012.1 

MgO (s)  -601.8  30.8  37.4       -569.6 

N2 (g)  0  191.6  29.1 

N2H4 (l)  50.6  121.2  139.3 

NH3 (g)  -46.1  192.6  35.7       -16.8 

NH3 (aq)  -80.3  111.3  -       -26.5 

NO (g)  90.4  210.6  29.9 

NO2 (g)  33.9  240.5  37.9 

N2O4 (g)  9.7  304.3  79.1 

Na+ (aq)   -240.1  59.0  -       -261.9 

O2 (g)  0  205.0  29.4 

O (g)  249.17  161.1  21.9 

S(s, rhombic) 0  31.80  22.6 

SO2 (g)  -296.8  248.2  39.9       -300.1 

SO3 (g)  -395.7  256.8  50.7       -370.4 

Xe (g)  0  169.6  20.8       0 

n-Butane  -125.6  310.2  -       -16.3 

Ethylene (C2H4) (g) 52.5  219.3  43.6       68.5 

Ethane (C2H6) (g) -84.0  229.7  52.7       -32.1 

L-Glycine (s)  -528.5  103.5  99.2       -373.4 

Glucose (C6H12O6) -1274.4  212.1  -       -917.4 

n-Hexane   -167.1  388.9  -       0.17 

Isobutane  -134.2  294.8  -       -20.3 

Methane  -74.9  186.3  -       -50.7 

Sucrose ((C12H22O11) -2222.1  360.2  -       -119.3  

 



Useful Equations & Mathematical Relations: 
Fsp = -Fex = -k(x-xo)    𝑤 = ∫ 𝐹𝑒𝑥(𝑥)  𝑑𝑥 = ∫ −𝑘(𝑥 − 𝑥𝑜) 𝑑𝑥 

𝑤 = ∫ 𝐹𝑒𝑥(𝑥)  𝑑𝑥 = ∫ 𝑚𝑔 𝑑𝑥 ≈ 𝑚𝑔 ∫ 𝑑𝑥 = 𝑚𝑔ℎ 

𝑃𝑉 = 𝑛𝑅𝑇     Pressure=F/A = gm/A   

𝑃𝑖 = 𝜒𝑖𝑃𝑇     𝑑𝑞 = 𝐶𝑑𝑡 

𝜒𝑖 =
𝑛𝑖

∑ 𝑛𝑖𝑖
     (𝑃 +

𝑛2𝑎

𝑉2 ) (𝑉 − 𝑛𝑏) = 𝑛𝑅𝑇      

𝑤 = −𝑛𝑅𝑇 𝑙𝑛 (
𝑉2

𝑉1
⁄ )   ∆𝑈 = 𝑞 + 𝑤 

𝑑𝑈 = 𝜕𝑞 + 𝜕𝑤    𝐻 ≡ 𝑈 + 𝑃𝑉 

𝐶𝑉 = (
𝜕𝑈

𝜕𝑇
)

𝑉
     𝐶𝑃 = (

𝜕𝐻

𝜕𝑇
)

𝑃
 

𝑑𝐻 = 𝐶𝑃𝑑𝑇     ∆𝐻 = 𝑛𝐶𝑃∆𝑇 

𝐶𝑉 = 3
2⁄ 𝑅     𝐶𝑃 − 𝐶𝑉 = 𝑅 

𝑃1𝑉1 = 𝑃2𝑉2     𝑤 = 𝑛𝐶𝑉∆𝑇  

      

rH
o (T’) = rH

o (T) + rCP
o (T’-T) 

rH
o = fH

o (products) - fH
o (reactants) 

rCP
o = Cp

o (products) - Cp
o (reactants) 

rS
o = Sm

o (products) - Sm
o (reactants) 

rG
o = Gm

o (products) - Gm
o (reactants) 

𝑆 = 𝑘𝐵𝑙𝑛𝑊     ∆𝑆 = 𝑛𝑅 𝑙𝑛 (
𝑉2

𝑉1
) 

∆𝑆 =
𝑞𝑟𝑒𝑣

𝑇
     𝑑𝑆 =

𝑑𝑞𝑟𝑒𝑣

𝑇
 

∆𝑆𝑢𝑛𝑖𝑣 = ∆𝑆𝑠𝑦𝑠 + ∆𝑆𝑠𝑢𝑟𝑟 ≥ 0  Smix = -nR(Aln A + Bln B) 

∆𝑓𝑢𝑠𝑆 =
∆𝑓𝑢𝑠𝐻

𝑇𝑓𝑢𝑠
    ∆𝑣𝑎𝑝𝑆 =

∆𝑣𝑎𝑝𝐻

𝑇𝑏.𝑝.
 

∆𝑆 = 𝑛𝐶𝑃  𝑙𝑛 (
𝑇2

𝑇1
⁄ )   𝐺 ≡ 𝑈 + 𝑃𝑉 − 𝑇𝑆 = 𝐻 − 𝑇𝑆 

∆𝐺 = ∆𝐻 − 𝑇∆𝑆    𝑑𝑈 = 𝑇𝑑𝑆 − 𝑃𝑑𝑉 

𝑑𝐺 = 𝑉𝑑𝑃 − 𝑆𝑑𝑇    ∆𝐺 = 𝑛𝑅𝑇 𝑙𝑛 (
𝑃2

𝑃1
⁄ ) 

𝑙𝑛 (
𝑃2

𝑃1
⁄ ) = − 

∆𝐻𝑣𝑎𝑝

𝑅
 (1

𝑇2
⁄ − 1

𝑇1
⁄ ) 𝐺𝑖 = (

𝜕𝐺

𝜕𝑛𝑖
)

𝑇,𝑃,𝑛𝑖≠𝑖

 

𝐺𝑖 = 𝜇𝑖     

Work=force x distance   P=gh 

=m/V     F=ma 

EK=1/2mv2     w = -PexV 

q = heat = CT    H = U + (PV) 

U = w + q     dU = dq + dw = TdS – PdV 



dS  q/T (most general statement of the 2nd law) 

G = nGm(2) – nGm(1)   Gmix = nRT(Aln A + Bln B) 

j = nj/n     Pj = jP 

M = RT/P     PB = B KB 

rG = rG
 + RT ln Q   rG

 = -RT ln K 

rG
o = rH

o - TrS
o    ∆𝐺𝑜 = −𝑅𝑇 𝑙𝑛𝐾𝑃 

rG
 = Gm

o (products) - Gm
o (reactants) 

∆𝐺 = ∆𝐺𝑜 + 𝑅𝑇 𝑙𝑛𝑄     𝑙𝑛 (
𝐾2

𝐾1
⁄ ) = − 

Δ𝑟𝐻𝑜

𝑅
 (1

𝑇2
⁄ − 1

𝑇1
⁄ )   

[
𝜕𝑙𝑛(𝐾)

𝜕(1/𝑇)
]

𝑃
= − 

Δ𝑟𝐻𝑜

𝑅
     𝜇𝐴 = 𝜇𝐴

𝑜 + 𝑅𝑇𝑙𝑛𝑎𝐴 

𝑝𝐻 = 𝑝𝐾𝐴 + 𝑙𝑜𝑔
𝑐𝑠

𝑐𝐴
    log 𝛾𝑖 = −0.509𝑍𝑖

2√𝐼 

𝐼 =
1

2
∑ 𝑐𝑖𝑍𝑖

2
𝑖     

𝑁𝑖

𝑁
=

𝑔𝑖𝑒−𝐸𝑖/𝑘𝐵𝑇

𝑄
 

𝑄 = ∑ 𝑔𝑖𝑒−𝐸𝑖/𝑘𝐵𝑇
𝑖 = 𝑝𝑎𝑟𝑡𝑖𝑜𝑛 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 S = k ln W 

〈ℎ2〉 = 𝑁𝑙2     〈𝑅2〉 =
𝑁𝑙2

6
 (open-ended random coil)  

〈𝑅2〉 =
𝑁𝑙2

12
 (circular random coil)  

𝜈

[𝐴]
= 𝑘(𝑁 − 𝜈) 

𝑓

1−𝑓
= 𝐾[𝐴]     

𝑑 log [
𝑓

1−𝑓
]

𝑑 log [𝐴]
= 𝑁    

𝐹 = 𝐶 − 𝑃 + 2    lim
𝜒𝐴→1

(
𝑃𝑣𝑎𝑝

𝑃𝑣𝑎𝑝
𝑜 ) = 𝜒𝐴 

𝜇 = 𝜇𝑜 + 𝑅𝑇 ln 𝑃𝑣𝑎𝑝    𝜇 = 𝜇𝑜 + 𝑅𝑇 ln (
𝑃𝑣𝑎𝑝

𝑃𝑜 )  

𝜇𝐴 = 𝜇𝐴
𝑜 + 𝑅𝑇 ln 𝜒𝐴    Π =

𝑅𝑇

𝑉
𝑛𝐵 = 𝑐𝑅𝑇 =

𝑤

𝑀
𝑅𝑇 

𝑇𝑓
𝑜 − 𝑇𝑓 = 𝐾𝑓𝑚    𝑇𝑏 − 𝑇𝑏

𝑜 = 𝐾𝑏𝑚 

𝜇𝐴 = 𝜇𝐴
𝑜 + 𝑅𝑇 ln 𝑎𝑥𝐴   𝑎𝑥𝐴 = 𝛾𝐴𝜒𝐴 

 

Conversion Factors: 

1 N = 1 kg m s-2   1 Pa = 1 kg m-1 s-2 = N / m2 

1 J = N m =1 kg m2 s-2  1 bar  1 atm 

1 atm = 760 torr   1 atm = 760 mm Hg 

T(K)=T(oC)+273.15   R = 0.08206 atm(L)/mol(K) = 8.3145 J mol-1 K-1 

kB=1.38x10-23 J/K   1 L atm = 101.34 J 

1L = 1x10-3 m3   NA = 6.02214x1023 

1 bar = 1x105 Pa   1 cal = 4.184 J 

F = 96485 C/mol   c = 2.998x108 m/s 

RT/F = 25.693 mV   1 eV = 8065.5 cm-1 

e = 2.71828     = 3.14159 

e = 1.6x10-19 C   h = 6.626x10-34 J s 

o = 8.854x10-12 C2/J m  A = 0.509 (water, Debye-Huckel constant) 



g = 9.8 m/s2     

 

Mathematical Relationships: 

ln x = ln 10 * log x  2.3 log x  

ln x + ln y = ln xy   ln x - ln y = ln(x/y) 

d ln x / dx = 1/x   d(f+g) = df + dg  

d(fg) = fdg + gdf     d(f/g) = 1/g df = f/g2 dg   

xn dx = (xn+1) / (n+1) + constant   1/x = ln x + constant 

ln N! = N ln N – N 

 

 



 

 

 



 

 

 



 


