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Legile gazelor in anestezie
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Starea fizica a unei substante

Relatiile dintre elementele constitutive:
« atomi, molecule
 Matrice, latite
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MCEE Teoria cineticii moleculare defineste gazul
ideal

Gazele sunt starea cea mai simpla a materiei

Molecule

O in ordine intamplatoare

O seciocnesc elastic

O se ciocnesc de peretii unui container —» presiune
O intre molecule nu exista forte de atractie

http://library.thinkquest.org/12354
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Teoria moleculara

Solid

Forte de coeziune -legare
Miscare —oscilatii pct fix
Forma rigida

Volum ct
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Gaz

Coeziune nula
Poz molec inconst
Miscare — hazard
Forma variabila
Volum variabil

Lichid

Forte de coeziune puternice
Libertate de migscare mare
Migcare in toate directiile
Forma - ia forma vasului
Volum ct



Teoria moleculara

Atractia intre moleculele
altei substante =
¢ adeziune

Atractia
mutuala a
moleculelor=
une

coezi
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Solid Gaz

Lichid
Forte de coeziune -legare Coeziune nula Forte de coeziune puternice
Migscare —oscilatii pct fix Poz molec inconst Libertate de migscare mare
Formi rigida Miscare — hazard M|§cavre in toate dlrec;uI'e
Volum ct . R Forma - ia forma vasului
Forma variabila Volum ct

Volum variabil
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Fortele van der Waals

Interfata gaz —lichid- presiunea de saturatie
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Fortele van der Waals
Interfata gaz —lichid- presiunea de saturatie
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Legile gazelor ideale

Absolute pressure P

Volume V
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Robert Boyle 1627-1691
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Legea Boyle — | lege a gazului perfect

100 kPa

200 kPa

Effect of volume change at constant temperature
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Legea lui Boyle 1662

T = ct
V1/P
PxV=ct (K)

Transformare izoterma
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Aplicatie practica

Gauge pressure 13,700 kPa 137 bar
(Absolute pressure |3,800 kPa)
Pres atm= 100kPa

. P xV, =PyxV,

| 13,800 kPa x 10 litre = 100 kPa x 1380 litre

i Sl

SHOICIOI0

x1000 x100 xI0 Units
litres




Aplicatie practica

Gauge pressure |3,700 kPa 137 bar

(Absolute pressure |3,800 kPa)

P, xV, =P, 40

13,800 kPa x 10 litre = 100 kPa x 1380 litre

OICI9I0

x1000 x100 xI0 Units
litres




Aplicatie practica

Gauge pressure 13,700 kPa 137 bar

(Absolute pressure 13,800 kPa)

PV =P D)
| 13,800 kPax 10 fitre = 100 kPa X380 litre

Holeplo it

%1000 x100 xI0 Units |
litres

Use of Boyle’s law to calculate the content of an oxygen cylinder
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Legea lui Boyle

+ Asistentul Robert Hook = pompa de aer

Stia ca un gaz se destinde la incalzire, dar neexistand scala de
temperatura, nu a putut determina relatia dintre incalzire si
volum.

Combustie, respiratie, transmiterea sunetelor.
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CEE Guillaume Amontons 1663-1705

Construieste termometrul cu aer

1702 Imetoda de masurare a variatiei temperaturii proportional
cu variatia de presiune

Inca nu exista scala de temperatura!!!
Lucrarile — conceptul de zero absolut in secolul al XIX-lea.
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Jacques Charles 1746-1823
Joseph Gay-Lussac 1778-1850
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BCEE

Legea lui Charles 1784
A ll-a lege a gazului perfect

v P=ct
Vol
A VIT=ct (K,)
Transformare izobara
/
/

T

N ES o)z
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Legea Charles

|00 kPa

100 kPa

Effect of change of temperature at constant pressure



Legea Charles

Effect of change of temperature at constant pressure
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CEE A lll-a lege a gazelor perfecte

Gay Lussac 1802

V =ct
PocT
\ P/T=ct(Kj)

P Transformare izocora

v
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A lll-a lege a gazelor perfecte

200 kPa

Effect of change of temperature at constant volume



A lll-a lege a gazelor perfecte

100 kPa
Termometrul cu hidrogen- standard stiintific
de masurare a temperaturii

200 kPa

Effect of change of temperature at constant volume
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Conditiile standard STP

T =0°C = 273,15°K

P =101,325 kPa = 760mmHg
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BCEE Modificari adiabatice
Aplicatii practice

Schimburile de caldura cu mediul nu sunt
permise.



Aplicatii practice
lindrului de Entonox
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Aplicatii practice
b. crioproba

Destindere adiabatica

Probe

| Capillary tube

Gas
cylinder

CO,

Principle of the cryoprobe



CEE John Dalton 1766-1844

PHB= 1 atm

Pp.= 2 atm

PT=ﬁatm

P =3 atm
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FMCEE Legea presiunilor partiale ale gazelor
Legea lui Dalton

intr-un amestec de gaze,
presiunea exercitata de
fiecare gaz in parte este egala
CU cea pe care ar exercita-o
daca ar ocupa singur
containerul.

P Wirks Fedarion of Socises
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Legea presiunilor partiale ale gazelor
Legea lui Dalton

intr-un amestec de gaze,
presiunea exercitata de
fiecare gaz in parte e 4
CU cea pe care ar exercita- 0
daca ar ocupa singur
containerul.
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Legea lui Dalton
Aplicatii practice

Absolute pressure
100 kPa

50 kPa

Oy

Cilindrul de Entonox

<
0
I

Golit la 100kPa
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Legea lui Dalton
Aplicatii practice

Absolute pressure

Sovie & Dalto

Cilindrul de Entonox
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Legea lui Dalton
Aplicatii practice cont

3.8 bar (absolute) 138 bar
Umplerea unui cilindru cu
10% CO,in O, CO,— Gy —
10%
CO
0, —_ m2
OZ
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Legea lui Dalton
Aplicatii practice cont

13.8 bar (absolute)l 138 bar
Umplerea unui cilindru cu N
10% CO,in O, CO,— Gy —
10%
CO
0, = m2
O,
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Legea lui Dalton
Aplicatii practice cont

13.8 bar (absolute)l 138 bar

Umplerea unui cilindru cu Q
10% CO,in O, COy —» Gy —>

10%

CcO

0, —— m2

O,
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Legea lui Amagat
Legea volumelor partiale

Volumul unui amestec gazos este egal cu suma volumelor
tuturor componentelor aflate la aceeasi presiune si
temperatura in amestecul gazos.
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lzoterme / CO,

Coeficientul de
compresibilitate al fluidelor
Jodata cu Tpresiunii

*\olum — cantitate extensiva

‘Manometrul hidraulic —
suporta 3200atm

Europear
Socsety of
) siokqy

Emile Hilaire Amagat
1841-1915




Aplicatia pentru corectia gazului uscat

pPpCO, alv = pCO, uscat (patm-pH,O)/patm =
= pCO, uscat (1-pH,O/patm)
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Ipoteza lui Avogadro 1811

Volume egale de gaze mentinute la aceeasi
presiune si temperatura contin un numar egal de
molecule.

Numarul lui Avogadro = 6,022x1023
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Amedeo Avogadro 1776-1856

At0°Cand 1 atm, 22.4 I,

contain 1 mol of any gas

H,

He

N,

O,

Co,

SO,

5 g8 Works Fedamiion of Socimsas
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Gaze diferite, in
conditii identice de
volum, presiune si
temperatura

contin acelasi numar
de molecule.

Europesn
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Ipoteza lui Avogadro

x molecules H;




Gaze diferite, in
conditii identice de
volum, presiune si
temperatura

contin acelasi numar
de molecule.
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Ipoteza lui Avogadro

x molecules H;



CEE Molul

Imol = cantitatea de

y i One mole of
substanta ce confine un —
numar de particule egal "

cu numarul de atomi carbon

cuprins in 0,012kg de
carbon 12.
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| mol

| mol = masa in grame a substantei vizate a carei valoare
cifrica
= nr atomic de masa

Orice 1 mol de substanta care se gazeifica produce 22 4|
gaz = volumul molal

Byropear Works Fedarion of Socises
Sx A.y\. of ot Arowstweniogiss



Vaporizarea completa a 18,459
Izofluran intr-un vol de 224l

Dar
G molec |zo =184,5

Aplicatii practice
a. Calibrarea unui vaporizor

| mol 1zo = 184,59 = 22,4 Oxygen—02>

18,45g Izo = 0,1mol = 2,24
2,24 | 224 = 1%

Europear
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Vaporiz completa

Isoflurane
1845 ¢

224 |
Oxygen/isoflurar
mixture




Aplicatii practice cont
b.Calcularea volumului de N,O dintr- o butelie

| mol N,O =44g ~ 22,41 |la STP
Tara = greutatea buteliei golita
G = greutatea actuala (g)

Vol N,O (I) = (G-tara)x 22,4/44

-OIIICIO|
x!000 xI100 %0 Units
litres
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BCEE Legea gazului ideal
Constanta universala a gazelor

Combinarea legii gazelor perfecte cu ipoteza lui Avogadro
Daca
PxV =K, (L), VIT =K, (L,), PIT=K;(L,)
Atunci

PxVI/T = ct = R = constanta universala a gazelor pt 1 mol
P xV =nRT, unde n =nr moli de gaz

Ec Clapeyron - Mendeleev



Constanta universala a gazelor
Aplicatie practica

Presiunea de pe manometrul unei butelii de gaz exprima
cantitatea gazului, pentru ca

V=ct,R=ct, T=ct
PV =nRT
\X
P~n

Europear
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Temperatura peste
care o substanta nu
mai poate fi lichefiata
oricat ar creste
presiunea =
temperatura critica

Pentru O, =-119°C
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Temperatura critica
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Presiunea critica

Presiunea vaporilor unei substante la temperatura critica
= presiune critica

Temp critica a N,O = 36,5°C

ByrOpear Works Fedarion of Soc
Society of at Arwshecbon
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s CEE Relatia presiune/volum pentru o cantitate
ctdeN,OlaoTct>36,5C

Pressu‘”eT RS D

Volume
of N-,O

TIPSR
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|lzotermele protoxidului de azot

Pressure bar

Volume
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Temperatura pseudocritica

Amestecuri de gaze

T pseudocritica = temp la care amestecurile de gaze se
separa in componente

Entonox

T psc =-5,5°C
Condensarea N,O!!!

Eucopoar Worts Fedsrfion of 5
Socety of af Arowsheeckign
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Abaterile gazelor de la comportamentul
gazului ideal

Departure from |ldeal Gas Behavior

ldeal gas 8.4
R=83145 83

- ....................... , ..................... ~ ....... _-w '--l2

E 8.'2 ; .
5 :
~z : :
8.0 '
e
&2le

~
©

P {atmospheres)
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Riscurile rutinei

“Next?”
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CEE Memento legile gazelor

When it comes for gases...

|. Boyle & Mariotte Il. Charles
P.V,=P,V, V,[T,=V,IT,
T,=1T, P,=P,
It Boyle doesn’t boil lInd Charles is under constant pressure
lIl. Gay-Lussac & Amonton Avogadro
P/T,=P,I[T, V,/n; =V,In,
V.=V, T,=T,=273%K
|1 (T) & Il (P) = sunt direct proportionale P, =P,
Un vol constant pour des relations in conditiile | +ll se aplica A!
directes

: pear World Fedarion of Socites
Socety Of af Aromstwenckogis




Ultima lege (cronologic) este
Legea gazului ideal

Toate legile gazelor pot fi derivate din legea gazului ideal
PV =nRT
R =0,0821 latm/mol°K
T=0C+273=0K
| mol din orice gaz in conditii STP = 22,4I

Europear
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MCEE
O alta formula a legii gazului ideal
explica legile gazelor prin migscarea moleculelor
iIndividuale

PV = nRT = NkT
Unde
n =nr de moli
R = 8,3145 j/molK
N = nr de molecule
K =ct lui Boltzmann = 1,38066 x 10 -3 J/K
K=R/N,=6.0221 x 10 23 /mol

= ES
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Distributia vitezelor moleculelor
unui gaz

Abord statistic

ST ES

Teoria Maxwell - Boltzmann

0, Distribution at 25°C

Number P &

molecules [ ] o
1 e ’

® )

| | | | |
0 200 400 600 800 1000 1200
Molecular speed (m's)
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Legea combinata a gazelor

P,V,/T, = P,V,IT,

Europear
Socety of
A esiokoqy



&

Formula legii gazelor combinate

Aceeasi Marie, alta palarie...
Acelasi gaz, doua conditii diferite
Conditia1=P,V,= n,RT;
Conditia 2 = P,V, = n,RT,

Dar R e ct si pentru acelasi gaz, n,=n,
P,V,/P,V,=T,/T,

Europear
Socwety of
v siokgy




CEE Van der Waals

Premiul Nobel 1910

. > ( . a’V? long-range attractive forces
'{_ _}' b short-range repulsive forces

. CesT Wonrks Fedarion of Soctes
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CEE Johannes van der Waals
(1837-1923)

(P+a/V?)(V-b) = RT
Unde
a/V? = fortele de atractie de la distanta
a = corectia pentru fortele intermoleculare

b = forte de respingere la apropiere = corectie pentru dimensiunile
finite ale moleculelor : ca valoare = volumul unui mol de atomi

sau molecule
Pentrua=b =0
PV = RT

) Works Fedsrion of Socises
Y of Arowstwerciogies
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CE E Coeficientii a si b van der Waals nup:myperphysics.phy-

astr.gsu.edu/HBASE/kinetic/weel.html

van der Waals Coefficients

Gas a (Pam’) b(m3/mol)
Helium 3.46 x 1073([23.71 x 107
Neon 2.12x 102|[17.10x 107

Hydrogen 2.45x 102|[26.61 x 10°°
Carbon dioxide([3.96 x 10°!{[42.69 x 107

Water vapor  |5.47 x 107!(|30.52 x 10

Data from Fishbane, et al.

i ES



BCEE Legi derivate utile

Legea scufundatorului

Cantitatea unui gaz si presiunea pe care o exercita
acesta sunt invers proportionale la temp ct.

P/n =k
P./n, = P,n,

http;//dbhs.wvusd.k12.ca.us

P 30 Wik Fedarion of Sockses
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CEE Legea nenumita

The no-name law

Nu a fost descoperita
Da relatii intre cantitate (moli) si T cand P, V = ct

Cantitatea si temperatura sunt in relatii invers proportionale

nT =K
Pentru 2 stari diferite, n,T, =k gi n,T, = k
N T; =Ny,
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Multumiri tuturor celor care au
descris legile & le-au publicat:
Davis PD, Kenny GNC, Ward

Basic Physics and Measurements in Anaesthesia,
Physics for the Anaesthetists, Ward’s Equippment

“‘Research and development. »
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