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[loaroroBka BBICOKOKBAIU(MUUHPOBAHHBIX KaApOB, peluarowux apodeccuo-
HAaNBHBIC 33Ja4YH NIO00H CIOKHOCTU. SABJSETCA HEOTBEMJIEMBIM YCAOBUEM pethopMHU-
POBaHHA CHCTEMbI BbICLLErO OOPa30BaHWA W 3APAaBOOXPAHEHHWA. B ¢BA3W ¢ 3THM BO3-
pacTaeT poab mpemojaasatelsii B OpraHM3alud CaMOCTOATENbHON padOTbl CTYAEHTOB.
Y4YuTeIBasg, YTO CaMOCTOATE/NbHAs padoTa — 3TO BUI y4eOHO-NO3HABATENbHON nes-
TEJIBHOCTH MO OCBOCHUIO MPO(deCCHOHANBHON 00pa30BaTE/IEHOM NMPOrpaMMEl, OCyLie-
CTBNAEMOI B onpeAeNeHHOH CHUCTEME, MPH y4acTHH MpenojasaTens B ee MjaHUpOBa-
HHH H OLIEHKE Pe3yNbTAaTOB, MO)KHO FOBOPHTH JIWLLL 00 ONPEAEIEHHOM CTENEHH caMO-
CTOSATENBHOCTU CTYJAEHTOB MPH BbIMOJHEHUU PA3NUYHbIX BHIOB CAMOCTOATE/bHbIX
padoT. T.¢. 00 ynpaBiaeMOH caMOCTOATEIEHOM padoTe.

JAnsa opraHu3aumu ynpasnsieMod caMOCTOATENBHON pabOThl CTYIEHTOB JieueOHO-
ro ¢akyapteta, 00y4alOLIMXCA Ha AHTIHHCKOM. A3bIKE, MO Y4eOHOH AWCLHMMIHHE
«O0buaa xumus» Ha Kadeape oOweil. PUINIECKON U KOUIOUAHON XUMUU OlpeneJie-
HBI: 1) OCHOBHBIC HAaMpaBACHUsA, COACpKanue, HOpMbl U METOABI MOArOTOBKH CTYICH-
TOB K CAaMOCTOATE/IBHOH ACATEIBHOCTH; 2) KOHKPETHOE coaepanue. 00beM MaTepHa-
Aa, noanekalni CaMOCTOATENLHOMY HW3Y4EHWIO B COOTBETCTBHH C Y4eDHOH Mpo-
rpaMmmoii; 3) cnocod u3noxkeHus ydeOHOro Marepuasa B METOAUYECKOH JUTEpaType
(y4eOHBIX NOCOOHAX, METOAWYECCKUX YKA3AHUAX H JIP.) B TOCTYNMHOU 111 > PeKTHBHO-
ro yCBOCHUs CTYACHTaMHU (OpMeE.

Kadeapa obecneunBaeT KOHTPOJIb OpraHH3aUMM H KauecTBAa BbIMOJHEHHA CaMO-
CTOATE/]bHOH PpaboThbl CTY/IEHTOB; COCTAaB/IET rpaduUK CaAMOCTOATE/IbHOM PadOoThl Ans
CTYIEHTOB U CPOK BBINIOJHEHHA PadOT, aHAIH3UPYET €€ 3PPEKTUBHOCTD U BHOCUT KO-
PEKTHBbI C LIC/IBIO aKTUBHM3ALUH H COBEPIICHCTBOBAHUSA CAMOCTOATEBHOM PabOTHI CTY-
AEHTOB; 00eCne4yHuBaeT JOCTYMHOCTb BCEro HEOOXOAMMOro Y4eOHO-METOAHYECKOTO H
CMPaBOYHOrO MaTepHaja; pa3padaTblBa€T METOAMYECKHE PEKOMEHAALUH, MOcoOUs no
OpraHU3aLUH CaMOCTOATENbHON pabOThl CTYAEHTOB, 33AaHus AJA CAMOCTOATENbHON pa-
OOTHI; BOMPOCHI K YK3aMEHAM, 3a4€TaM H APYIHMM KOHTPONBHbIM MEPOMPUATHAM,

Ha xadenpe paspaboTtanbl METOAHYECKHE yKa3zaHWsA MO MOJArOTOBKE CTYAEHTOB K
3aHATHAM MO yueOHOH aucunnantHe «O0Las XHMHs», B KOTOPbIX ONpeaeieHbl OCHOBHbIE
HAMpPaBAECHUA CAMOCTOATEAbHOH PabOThl CTYJEHTOB 0 MOArOTOBKE K 3aHATHAM. MeTo-
AUYECKUE YKA3aHUA MO OMPEACACHHON TEME BKIOYAOT: MEAUKO-OHONMOTHYECKOE 3HAYC-
HHE TeMbl, YTOObl MOTHBHPOBATH CTYJEHTOB Ha €€ W3Yy4eHHe, MPOorpaMMHble BOMPOCHI,
AMTEpaTypy, OMHCaHWe nabopaTOPHbIX OMbITOB, O(GOPMIEHHE MPOTOKONAOB, KOTOPbIX
CTYAEHTb] JOMKHbI OCYLUIECTBUTh CAMOCTOATE/ILHO, & TAKKE BONPOCH! 111 CAMOKOHTPOAS
MOATOTOBKH K 3aHATHAM U KPATKO H3/0KEHHBII TCOPECTHYCCKHE MaTepHa.

PaccMoTpHM coaepikaHue CaMOCTOSTENBHOM PaldOTHI CTYACHTOB HA MPHMEPE
Tembl: «Chemical thermodynamics and bioenergetics».
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Medicobiological value of theme: the thermodynamics is the theoretical basis of
a modern bioenergetics — science which study legitimacy of accumulation, keeping
and using of energy by alive systems.

Since the change of energy does not depend on way of process, but only from
an initial and final state of system, therefore there is no necessity to know true
mechanism of reactions occurring in alive organisms (cells). It is possibleto simulate
them outside of an organism. So. it was possible to establish on model experience,
with the help of thermodynamic calculations, that at multiphase process of an
oxidizing of nutritious substances in an organism the same quantity of energy
precipitates out, as well as at their immediate burning outside of an organism. It allows
to establish connection between a calorific of nutrition and serviceability of an
organism. These connection is a base of scientific dietology. The model operation of
various biochemical processes can be carried out at various temperatures distinguished
from that, at which they proceed in an organism, anduseing the relevant equations of
thermodynamics it is possible to count change of energy in substantial requirements.

The thermochemical investigation of processes of an oxidizing of various
products in alive organisms are necessary not only for study of mechanisms of
transformation of various substances in energy. The comparison of energetics healthy
and patients of cells allows to develop carly diagnosties of various diseases and check
behind their current. The diseases of the man are always accompanied by change of
values of thermodynamic parameters describing.a sectional organism in norm. So,
occurrence and the course of diseases is accompanied by increasing of entropy system.
The increasing of entropy is marked also-at.development of processes of neogenesis
and embryogenesis.

The application of the basic laws.of thermodynamics allows to establish
specific features of an alive nature, to prognosticate a direction of spontaneous course
of processes in an organism and their depth depending on requirements, to predict an
possibility of participation of this or that medicinal substance in the necessary reaction
proceeding in biological medium, and relevant bioenergy changes.

Knowledge of thermodynamic legitimacies and skill to apply them for decision
of concrete practical questions it is necessary for study of the following chapters of
these course (chemigcal kinetics and equilibrium, theory of solutions, ¢lectrochemistry,
physico-chemistry of surface phenomenas), and also for study of biochemistry,
physiology both other medicobiological and chinical disciplines.

To lesson it is necessary:

TO STUDY . the following program questions: a subject and problems of
chemical thermodynamics. Interrelation between processes of a metabolism and
energy .in an organism. Chemical thermodynamics is a theoretical basis of a
bioenergetics.

The basic concepts of thermodynamics. Internal energy. Work and heat — two
forms of energy transmission. Types of thermodynamic systems and processes.

The first low of thermodynamics. Enthalpy. Standard enthalpy changes of
formation, standard enthalpy changes of combustion. The Hess's law of heat
summation. Thermochemical processes. Application of the first law of
thermodynamics to biosystems.

The second law of thermodynamics. Reversible and nonreversible in
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thermodynamic sense processes. Entropy. Standaid entropy. Gibbs's free energy. The
standard Gibbs free energy of formation. The standard Gibbs's free energy of a
biological oxidizing. The chemical potential.

Measure of a direction of spontaneous processes.

Research work:
"Definition the heat of neutralization reaction”
Starting dates
Mass of an interior glassful of a calorimeterm, g ..............................
Volumes of solutions of reactants V., ml ...........................
Concentration of solutions C. mol /1 ... ...
Density of solutions p, g/ml ..
Specific heat of water Cm (H20) 4 184 J /(;, K)
Specific heat of glass Cm (gl) - 0,753 J /(g * K)

1. By measuring cylinder measure 30 ml of solutions of a strong acid and strong
basis.

2. Measure temperature of one of solutions, for'example base, is immediate in
the cylinder by the thermometer. After that wash the thermometer by distilled water
and again insert into a calorimeter.

3. Add a solution of an acid through a funnel to an interior glassful of a
calorimeter and also write down its temperature.

4. Add the solution of base prompt ina calorimeter to a solution of an acid and

5. Within several seconds observe for.level of mercury in the thermometer and
write down the highest indication.
6. The obtained experimental data write down in the table under the shape:

The measured and calculated quantities Reactants

Temperature of a solution of an acid T,

Temperature of a solution of the basis T,

Reference temperature of experience T, = 0.5 (T, + T)
Best temperature after mixture T,

AT = T2 u T]
Q,kJ
AH.. kJ/mol

Processing of results of experiment

1) Calculate the heat capacity of a calorimeter Cm. taking into account a heat
capacity of a solution and calorific capacity of an interior glassful:

Cm = Cm (gl) » m (gl) + Cm (H,0) * m (sol),

Where m (sol) — mass of a solution in a calorimeter calculated on volume of a
solution and density (Density can be accepted peer 1 g/ml).

2) Calculate the heat, allocated in a calorimeter:

Q=CmAT.
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This heat gradually in accordance with alignment of temperature is transmitted in
a surrounding medium and can be accepted peer on absolute value to change of
enthalpy of system (calorimeter) — AH,:

AH,=-Q.

3) For calculation of reaction heat AH, the found value of heat count on 1 of a
mol reacting acid or basis, that corresponds 1 of mol of generatored water:

AH AH
AH =—%=—F
r n cV

s

Where n — chemical quantity of one of substances participating in.reaction.

Problems for discussion

1. What is: a) an exothermic reaction. b) an endothermic reaction?

Give two examples of each.

2. Discuss some different forms of energy and give examples of their
conversions.

3. What is meant by a “system”in thermodynamics?

4. Define “enthalpy change for a system”.

5. What is the difference, if any, between “enthalpy of formation”and “enthalpy
of reaction™?

6. What is the difference, if any, between AH, and AH,".

7. Write an equation relating the heat of a reaction and the heats of formation of
the reactants and the products of the reaction.

8. For the metabolism of sugar, Cj;H,,0,,, in the body, AH = -5645 kJ mol™".
How many kilocalories (Ccal) of energy would your body gain from the sugar in a
candy bar that has the mass of 150.0 g and contains 60.0 percent sugar and no other
nutrients?

9. The combustion of benzene is represented by the equation

1

CsHe(1) + 7 2 Ox(g) — 6COx(g) + 3H,0(1)

Using the standard data to four significant figures, calculate the standard
enthalpy of combustion of benzene.

10. The combustion of octane occurs according to the equation

2CsH () + 2505(g) — 16C0Ox(g) + 18H,0(1)

The standard enthalpy for this reaction as written is —1,094+10" kJ. Using the
standard data, calculate the standard enthalpy of formation of octane.

11. What is a “spontancous process”? Give examples of some spontaneous and
of some nonspontaneous prosesses.

12. What is entropy? Give examples of some systems of law entropy and others
of higher entropy.

13. State the second law of thermodynamics.

14. In thermodynamics, what is a “reversible” process?

15. What 1s the Gibb’s free energy? Write an egunation for the Gibb’s free energy
of a system un terms of the change, the entropy change, and the temperature of the
system.

16. What is the relationship between the free energy change of a reaction and the
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spontaneously of the reaction?

17. Write an equation for calculating the standard free energy change for a
reaction from the values of the standard free energies of formation for the reactants
and products.

18. Show how you would calculate the standard free energy change for a
reaction from given values ofi standard enthalpies of formation and standard absolute
entropies for the reactants and the products.

19. Predict the sign of AS for each of the following reactions and give a reason
for each prediction:

(a) AgCl(s) — Ag'(aq) + Cl'(aq); (b) 2Na(s) + Cly(g) — 2NaCl(s);

(c) Hy(g) + Ix(g) — 2HI(g); (d) Hx(g) + Ix(s) — 2HI(g);

(€) 2H,0,(1) — 2H,0(1) + Oy(g).

20.Using S° values, calculate AS® for each of the following reactions:

(a) Na(g) +202(g) — 2NOx(g);

(b) CO,(g) + Ha(g) — CO(g) + HO(g).

21.Calculate AG® for each of the following reactions using the values for AH;
and S:

(a) Na(g) +204(g) — 2NOx(g);

(b) CHy(g) + 20,(g) — COx(g) + 2H,0(1).

22.Calculate AG® for each of the following reactions using the values of AG’:

(a) 2H,0,(1) — 2H,0(1) + O4(g);

(b) NH,CI(s) — NHy(g) + HCl(g).

Takum 00pa3zom, B X0 peaTH3aLMK YIPABIACMON CAMOCTOSTEITBHON PadoTHl y
CTYJICHTOB B T€UCHHE YYCOHOTO roma (GOpMHUPYIOTCS YMEHHS MOWCKA OTITUMATBHBIX
BAPHAHTOB OTBETOB, PACYETOB, PELUEHHIT CHTYALIHOHHBIX 33434 No o0LWel XHMHH; Ha-
BbIKH BBIMOMHECHUA Y4eOHOIO MCCACTOBAHHSA, PA3BHBAIOTCS HABLIKKA PadOTHI C y4eOHH-
KOM. Y4eOHBIMH TTOCOOHAMH, COBPEMCHHOW HAYYHOM JTUTEPATYPOH.



