Theoretical part

Subject: “The First law of thermodynamics”
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Examples: Enerqy is the capacity to do work.

In biological cells, nutrients, ions, and electrons are constantly moving across membranes and from one

cellular compartment to another.

The enerqy that produces all this work in our bodies comes from food.
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Main laws, equations and definitions
» TlpounTaiiTe U 3aMUIINTE PYCCKUE aHATIOTH (BOCMIOIB3YWTECh KOHCIIEKTAMH JICKIIUH, YIeOHHKOM,

The First Law of thermodynamics: the internal energy of an isolated system is constant.

Kirchhoff ’s law

AH*(T")=AH*T)+(T’'-T)ACs

Kirchhoff's law |

(1.24)

where A,C} is the difference between the weighted sums of the standard molar
heat capacities of the products and the reactants:

A,Cy =) vCin(products) — 3 vCin(reactants)

(1.25)




Practical part

[ N
| Example 1.6 | Using Kirchhoff's law

‘The enzyme glutamine synthetase mediates the synthesis of the amino acid
glutamine (Gln, 8) from the amino acid glutamate (Glu, 7) and ammonium
ion:

AH®=+21.8Kk] mol™ at 25°C ‘o

The process is endothermic and requires energy extracted from the oxidation of
biological fuels and stored in ATP (Case study 1.1). Estimate the value of the re-
action enthalpy at 60°C by using data found in this text (see the Resource section)
and the following additional information: C;,(Gln, aq) = 187.0 ] K™ mol™
and C;,(Glu,aq) = 177.0 ] K' mol™.

7 Glutamate ion

Strategy Calculate the value of A,C; from the available data and eqn 1.25 and
use the result in eqn 1.24.

Solution From the Resource section, the standard molar constant-pressure heat
capacities of H,O(l) and NHj(aq) are 75.3 ] K™' mol™ and 79.9 ] K~! mol™,

-~
1
respectively. It follows that .V"
ArC;;z {C;’,m((;lnv 't‘q) + C;m(Hl()‘ I)} - |CKm(GIU. aq) + C;m(NH:. 'dq)} - '
={(187.0] K" mol™) + (75.3] K" mol™")} = {(177.0 J K™ mol™") @ Y,

+(79.9 ] K- mol)}
=+54 ] K ' mol”'=+5.4 x 103 k] K~ mol™* 8 Glutamine

Then, because T’ — T=+35 K, from eqn 1.24 we find

AH®*(333K)= (+21.8 kf mol™) + (5.4 x 10 k] K! mol™) x (35 K)
=(+21.8 k] mol™) + (0.19 k] mol™)
=+22.0 k] mol™!

Home work

L Self-test 1.7 ) Estimate the standard enthalpy of combustion of solid glycine
at 340 K from the data in Self-test 1.6 and the Resource section.
Answer: —9683 k] mol™!

Hess’s law:

Standard reaction enthalpy (equation):



