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Human Physiology

physio (nature) + logia (science)
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Must Have Characteristics:

e Ableto move
e Able to reproduced
« Abletogrow

Might Have Characteristics:

Be used as food by other
organism

Have leaves, roots, and stems
Fly, Walk

Go to school

MC/Concept

Examples LiVing Things Nonexamples

e |nsects
e Plants
 Birds

e \Worms
e  Snails
e  \Weeds

Rocks
Steel
Alr
Water
Sound
Fire
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프레젠테이션 노트
Figure 1.1: Levels of organization in the body, showing an example for each level.


Basic Physical Chemistry



Gas Laws: QOverview

e The three fundamental gas laws discover the
relationship of pressure, temperature, volume and
amount of gas.

e Boyle's Law tells us that the vo/ume of gas increases
as the pressure decreases.

e Charles Law tells us that the vo/ume of gas increases
as the femperature increases.

e Avogadro's Law tell us that the vo/ume of gas
Increases as the amount of gas increases.

e The ideal gas law is the combination of the three
simple gas laws.



Boyle's Law

In 1662, Robert Boyle discovered the correlation
between Pressure (P)and Volume (V) (assuming
Temperature(T) and Amount of Gas(n) remain
constant):

PollV PV = constant.

Pressure Is inversely proportional to Volume

Therefore, as seen, as Volume
increases, Pressure decreases

°2JNssald
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V, V,
Volume



Example: 1.1

A 17.50mL sample of gas is at 4.500 atm. What will be the
volume if the pressure becomes 1.500 atm, with a fixed
amount of gas and temperature?

SOI utlon: Initial Case a

15 — PV ®* o o *
& |r:'-‘__. - .
_ A500atml7.50mL g f S . e L
o L.500aim o ece®e oo

4, 500 atm . . .
= h2.50m L e bt e sme Torc?



Charles' Law

Gharles s Law

THE RELATIONSHIP BETWEEN TEMPERATURE AND VOLUME st




In 1787, French physicists Jacques Charles, discovered the
correlation between Temperature(T) and Volume(V) (assuming
Pressure(P) and Amount of Gas(n) remain constant):

(Ju)awn|oA

Ve T V,T,=V,T,

/

100 200 300 400 500

Temperature(K)

As Temperature increases, Volume
increases(linear graph)
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http://chemwiki.ucdavis.edu/Physical_Chemistry/Physical_Properties_of_Matter/Gases/Gas_Pressure

Example: 1.2 A sample of Carbon dioxide in a pump has
volume of 20.5mL and it is at 40.0 °C. When the amount of
gas and pressure remain constant, find the new volume of
Carbon dioxide in the pump if temperature is increased to
65.0 °C.

Initial Case Final Case

40, 0+2735. 15K B0, 0+275. 15K
20, SmL Vnew="7
—— ——

Figure 1.2

Solution: vy VT

_ 20Am LG G04+2T3IER)
- 404273 15K

=22 1mL




-A principle stated in 1811 by the
[talian chemist Amadeo
Avogadro (1776 -1856) that
equal volumes of gases at

the same temperature and
pressure contain the same
number of molecules
regardless of their
chemical nature and
physical properties.




Avogadro's Law

In 1811, Amedeo Avogadro fixed Gay—Lussac's issue
in finding the correlation between the Amount of

gas(n) and Volume(V) (assuming Temperature(T) and
Pressure(P) remain constant):

Voo n V=zn (P, T=constant)

(where z is a constant depending on Pressure and Temperature)



Volume vs. Moles for a Gas at 5TP
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Example: A 3.80 g of oxygen gas in a pump has volume of 150mL.
constant temperature and pressure. If 1.20g of

oxygen gas is added into the pump. What will be the new volume of
oxygen gas in the pump if temperature and

pressure held constant?

1 Initial Case Final Case
T
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Ildeal Gas Law

Charles’s L
Boyle’'s Law S

PV = Kk —=k

Pand V Ideal Tand V
change G g change

n, R, Tare P, n, R are
constant PV = nRT constant

P, V, and T change
n and R are constant

Combined
Gas Law

PV _
—_

K

R = gas constant = 8.3145 Joules - mol™ - K™ (SI Unit)
- 0.082057 L - atmK ™" - mol™



Example
At 655mm Hg and 25.0 °C, a sample of Chlorine gas has volume of 750mL.

How many moles of Chlorine gas at this condition?

Solution: PV
" RT
P=655mm Hg . }
GEomrem H . TI':Ilulrl|r|;ll1 7= 0.75L
T=25+273.15K — 0.082057 L.atm.mol— LK J1“'.|j2.5+27.'3‘15;{ i
V=750mL=0.75L
n="? — 0.026mol

Evaluation of the Gas Constant, R

You can get the numerical value of gas constant, R, from the
Ideal gas equation, PV=nRT.

At standard temperature and pressure, where temperature is 0°C,
or 273.15K, pressure is at 1 atm, and witha - 2X

volume of 22.4140L,

latrm.22 41401
= lmol.273.15K

-0.082057 L atm mol ' K}



Practice Problems

1. If 4L of H2 gas at 1.43 atm is at standard temperature, and the pressure
were to increase by a factor of 2/3, what is the final volume of the H2 gas?
(Hint: Boyle's Law)

2. If 1.25L of gas exists at 350C with a constant pressure of .70 atm in a
cylindrical block and the volume were to be multiplied by a factor of 3/5,
what is the new temperature of the gas? (Hint: Charles's Law)

3. A ballon with 4.00g of Helium gas has a volume of 500mL. When the
temperature and pressure remain constant.

What will be the new volume of Helium in the ballon if another 4.00g of
Helium is added into the ballon? (Hint: Avogadro's Law)

Solution
3.1000mL or 1L Vo — Vo

Using Avogadro's Law to solve this problem, you can switch the equation into g
However, you need to convert grams of Helium gas into moles.

e

4.00¢
ni= 4.00g/m ol =1 mol Slmllarlly’ n2:2 mol

I r nz.Va Dol 500 1L
n — =

mny o Lol




Solution

1.2.40L

In order to solve this question you need to use Boyle's Law:
Keeping the key variables in mind, temperature and the amount of gas is constant and therefore can be put
aside,

the only ones necessary are:

1. Initial Pressure: 1.43 atm

2. Initial Volume: 4 L

3. Final Pressure: 1.43x1.67 = 2.39

4. Final Volume(unknown): V2

Plugging these values into the equation you get:

V2=(1.43atm x 4 L)/(2.39atm) = 2.38 L v, v,
2.184.89 K =
In order to solve this question you need to use Charles's Law: T] T,

Once again keep the key variables in mind. The pressure remained constant and since the amount of gas is
not

mentioned, we assume it remains constant. Otherwise the key variables are:
1. Initial Volume: 1.25 L

2. Initial Temperature: 350C + 273.15 = 308.15K

3. Final Volume: 1.25L*3/5=.75L ’
4. Final Temperature: T2 P 12
Since we need to solve for the final temperature you can rearrange Charles's:

Once you plug in the numbers, you get: T2=(308.15 K x .75 L)/(1.25 L) = 184.89 K




Dalton's Law of Partial Pressures

Dalton's Law of Partial PI‘BSIII‘BS



e Many gases are, like air, homogeneous mixtures of several
gases.

e Because the gas particles do not interact in any way other
than bouncing off each other, each gas particle has exactly
the same influence on the gas law properties (P, V, T, and n)
of the gas.

« One mole of nitrogen will exert the same pressure as a
mixture of a tenth of a mole each of ten different gases
under the same conditions of temperature and volume,
assuming, of course, that the gases all behave like ideal
gases.



In a mixture of gases, the total pressure is the sum of the partial
pressures of all the gases present.

Dalton's Law of Partial Pressure:
Pressure,., = Pressure, + Pressure, ... Pressure,,

J"'le 2.9 mm .I”'m_z 1.2 atm J'I il = 101 atm
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Henry's Law:

P=KC

Where P=pressure, C is the
concentration of the gas and
K Is Henry's law constant.

This law tells the diver that at higher pressures our
bodies will absorb more gases. The deeper the dive,
the greater the amount of nitrogen absorbed into the
body. Therefore the greater the depth the greater the
risk of decompression illness.



The initial condition has concentration C, and gas partial
pressure P,. The second condition has concentration C, and
gas partial pressure P,,.



Example:

What is the predicted concentration of dissolved oxygen, if the partial
pressure for oxygen is 56 mm Hg? The concentration of dissolved
oxygen is 0.44 g / 100 ml solution. The partial pressure of oxygen is
150 mm Hg.

Solution:

C, _ Gy
P4 P2

P, =150 mmHg C, =0.44 g O,/100 ml solution
P, =56 mm Hg C,=7?

C,=0.159 O,/ 100 ml solution



Diffusion (24l
Diffusion in gases

* When chemicals, like the smell of perfume or burning toast, are
let loose in a room, the particles mix with the air particles.

* The particles of smelly gas are free to move quickly in all
directions. They eventually spread through the whole room.
This is called diffusion.

o Diffusion in gases iIs quick because the particles in a gas move
quickly. It happens even faster in hot gases
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Diffusion in liquids

 Diffusion can also happen in liquids. This is because the
particles in liquids can move around each other, which
means that eventually they are evenly mixed.

o For example if you drop a little bit of paint into a jar of
water the colour will spread slowly through the water.
This is by diffusion.

 Diffusion in liquids is slower than diffusion in gases
because the particles in a liquid move more slowly.




DIFFUSION: THE PHENOMENON

Fick's Law of Diffusion

Rate of _ Conc. Grad. » SA * Diffusion Coef.
Diffusion Membrane Thickness

SA = Surface Area

Permeability
SQRT (MW)

Diffusion Coef. =

MW = Molecular Weight

Example: K* has a lower MW and is 30X more
permeable than Na*.



Osmosis and Osmotic pressure

Osmosis is the process by which water moves
through a selectively permeable membrane.

It is a special case of diffusion: it involves the
diffusion of a solvent (like water), rather than the
diffusion of substances dissolved in the solvent.

Hypeotonic Hypertonic
solution solution

&
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higher water ® ® 9
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@ & .= &)
® . ® 9 o
2 L N
o > o ® o
G O
0% g0,° ®oe oo
® less water
o0 ®: 0

less solute \ meore solute

Selectively permeable membrane



Osmotic Pressure

Osmotic Pressure
is when red solution
reaches maximum
height

Red dye
solution

Pure water=—s=

oro e
Etg #gtg;l- pl‘ggéaggt Water passes through membrane

not red dye. faster than it exits because dye

o - . blocks water from exiting
Ken Costello & www.chemistyland.com



Osmolic pressure = pressure that has to be exerted
on a solution to prevent it from gaining water when
separated from pure water by an ideal selectively
permeable membrane (it is positive).

N= number of particles into Osmotic
which the substance dissociates Pressure

C = concentration in g/L

C
Osmotic pressure = nx (—) XxRxT ,
M M= molecular weight

of the molecules

R= universal gas constant,
which is 0.082

12

T= absolute temperature
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