HONORS CHEMISTRY: GASES — Nor JuUsT FOR FART JOKESY DATE:

Learning activities: SWBAT. ..
...explain the kinetic molecular theory of gases.
...define the traits of an ideal gas. /b /b

GASES: A REVIEN /O
- The state of matter with a . J/ OA OA OA

- This means... b
Th g . g E}b

- The huge space between the particles makes gases...

KINETIC MOLECLULE THEORY [KMT]:

- Uses an idealized version (called ) of a real gas to make simple, but useful assumptions.

[m] 5[]

TRAITS OF AN IDEAL GAS:
1. Tinv!
2. Ravoom, RAPID MoOTION! %ITT ON KMT

3. NO ATTRACTIVE OR REPULSIVE FORCES BETWEEN MOLECULESY
4. AvERAGE KINETIC ENERGY (K.E.D IS DIRECTLY PROPORTIONAL TO TEMPERATURE CIN KELrINDI
Remember:

5. NEVER CONDENSES, NO MATTER WHAT PRESSURE OR TEMPERATUREY

No real gas is ideal. But we use the principles of an ideal gas because...

THERE ARE FOUR VARIABLES THAT ARE USED TO QUANTITATIVELY MEASLIRE GASES:

1. TEMPERATURE (T):
- Gas Law equations demand that temperature be measured in Kelvin. Remember to convert!
- The heavier the gas...

- The lower the temperature...



2. QuANT/ITY (n):

- The amount of gas is always measured in

3. voLume (V):

- Equals X X . ®)

- Most gas volumes are measured by . O

- Watch units! Volume units can vary. Could be in L or mL, m® or cm®

- Remember: 1mL =

4. PRESSURE (P):

- Every time a gas particle collides with container, it exerts a

- Sum of all forces over surface area of container =

- Pressure is proportional to...

- If you can increase the number of collisions, you will increase...

- What are some ways that you can increase the number of collisions?

DID YOU KNOW... Bumans (men and women alike) vxovvv\o«\\y velease between |72 fo
owne Tull iter of flatus (medical tevm for farts) per 24 \ours.

There are two sources of flatus - external and wternal. The external source s
swmply swallowed aw, of which the oxygen (~ 20%) s normally absorbed w the
digestive system, while the mitrogen (~ 20%) passes through ond becomes owne
mo Jor component of flatus. The Wwternal sources are various gaseous end products
of the dgestive process and vary greatly with diet. It is mawly hydrogen ond
methane with a \esser amount of carbon dioxide. The objectionable odors are
due to very smoll amounts of hydrogen sulfide, methanethiol and dwmethyl sulfide.

Ruw\'\vxo«*'mg onwmals em ¥ such \nuge q’uo«v\‘h‘\"\es of flatus (w thew case vv\a'm\)l
wmethane) that anwal fo«r\"\v\g) ac‘\'ua\\)/ enters the eq'uod"\ovx of 3\oba\ Sveev‘\nouse

goses os a s\zeobl\e factorv. No\'\n'wxg f unny about that! ( \r\‘H'Pl 74 evevy‘\'\n'\v\32.cow\\

“Tt takes A long time to understand nothing.” ~ Edward Dahlben
9 9 9



HONORS CHEMISTRY : UNDER PRESSURE! DATE:

Objectives: SWBAT...
...convert between pressure units.
...explain how pressure affects everyday behaviors.

PRESSURE |S MEAE”RED IN MANY UNlTS You can convert between them using simple factor-label.

1 atm = 760 mm Hg = 29.92 in Hg = 760 torr = 101, 325 Pa = = 101.325kPa = 1.013 bar = 14.7 psi (Ib/in?)

-The Sl unit for pressure is = a force of one Newton per square meter (N/m?)

- The atmosphere creates a pressure on surface objects called

Try this... Convert 28.10 . HS Yo KPa.

- Scientists need standard conditions when talking about gases. They came up with...
ST.P.= =

THE TYFICAL WAY TO MEASURE PRESSLRE IS BY LISING A BAROMETER.

Imagine a glass tube in a liquid. Nothing happens to the height of the liquid since...

Even if we sealed the top of the tube, the liquid isn’t going to rise, since...

If we evacuated the gas inside the tube, then...

The atmosphere will push the liquid up the straw until...

Changes in atmospheric pressure will cause changes in the column height.

ex) In a vacuum, the height of the column would be...

Can use any liquid, but mercury is normal choice due to its

1 atm can push mercury up or

MANOMETER: An even more basic device used to measure pressure.

- Usually matches an unknown pressure against atmospheric pressure.

- The liquid level will rise or fall depending on...

NOTE: Tire gauges measure...

So a tire gauge reading 20.0 psi means...



DIFFERENCES IN PRESSLRE OFTEN LEAD TO MANY INTERESTING SITUATIONS:

PRESSURIZED CABINS —

- Planes, spaceships, submarines, etc. are pressurized to be around atmospheric pressure because...

- If the hull is ruptured, then the atmosphere will...
- Under water, this means that...

- Up in the air/in space, this means that...

BREATHING —

- When you are not breathing, your lung pressure equals

- When you expand your lungs you increase your lung volume .

. =
- The outside air rushes in to... =

- When you breathe out, you decrease the volume of your lungs .-

How would be‘\vva W a Vacuum affect the aw wn your \\mgs'.? THE UPS AND DOWNS
OF CABIN PRESSURE

- The air in your lungs rushes out to...

STRAWS -

- A straw is a lot like a

- Remember, if a tube in a liquid is open to the atmosphere, the liquid will not...
- This is because...
- But when you use the straw, you expand your lungs, creating...

- The atmosphere outside the straw...

Wil o dv’\vx\(’\vxg straw worK w a vacuum?

Wil a dv'\vx\('w\g straw worK w o spoce s\n‘\P ovb‘d"w\g earth?

“Tknow all one can know when one know's nat[vmg. "~ Mnrguarite Duras



HONORS CHEMISTRY: PHASE CHANGES AND PRESSURE DATE:
Learning Activities: SWBAT...

...explain how things evaporate/boil.
...explain how pressure and temperature affect states of matter.

AN IDEAL GAS DOESN'T CONDENSE INTO A LIQUID. REAL ONES DO. WHY?

- At pressures and/or temperatures these attractive forces can dominate, allowing...

Evaporation is the opposite process:

- Adding heat simply...

CRASH COURSE PARTIAL
PRESSURE > VAPOR PRESSURE

- In an open system (i.e. open to the surrounding environment):

- In a closed system (sealed bottle): .
An equilibrium (forward reaction proceeds at same rate at reverse reaction) will develop:

EVAPORAT/ON < CONDENSAT/ON

Temp V.P.
(°C) | (mmHg)
Each substance exerts a certain pressure as a gas called its . 10 215
- As temperature increases, vapor pressure . 0 758
5 6.54
When vapor pressure of a gas = atmospheric pressure... m 5o
For a bubble to form in a liquid, the vapor pressure in that bubble must... '
15 12.79
bubble must...
20 17.54
25 23.76
There is a relationship between: 30 31.8
- At lower atmospheric pressure, there is less pressure to overcome, 40 55.3
overcome, 60 149.4
80 355.1
- At higher atmospheric pressure, there is a greater pressure to overcome, 95 634
pressure to overcome, 100 760
110 | 1074.6
120 1489
Why do wgredients often have longer boKing twes at Wigher altitudes?
200 | 11659

\n’\g\nev al\titudes?



THE STRENGTH OF THE INTERMOLECULAR FORCES W/LL AFFECT HOW EAS/LY A SUBSTANCE BO/LS/CONDENSES!

If a substance has low intermolecular forces it... 10.000

100}
If a substance has high intermolecular forces it...

o

§ o=zZwwo=T
(=)

FHASE DIAGRAN: ool

0.001*
Temperature (°C) www.sv.vt.ed
218 i O
NORMAL BO/LING PO/INT: atmk - - - - hgléi? |
£ I
NORMAL FREEZING/ MELTING PO/NT: ® (quid)” |
S1am ___¢ I o7
0 lc:el_d . i
SUBLIMAT/ION: £ %as_gﬁo_'_}. 4 Whter!
|: vapor :
y loos)
TR/IPLE PO/NT: 0. 100374
0.0088
Temperaturs (°C)
NOTE: Different substances will have different phase diagrams. (ex) H,O vs. CO5) (e

In conclusion, therve are two woys Yo cause a \'\q'u‘\d Yo bo\. What ave ‘\‘\r\ey?

Homework:

; . . 785564 311
Convert entire water vapor pressure chart to two other pressure units (your choice). Te?nspe‘rjaeturs (QC)

www.science.uwaterloo.ca

DID YOU KNOW.. os you ‘wcrease ‘\‘empeva‘\’uve, a \'\q'u'\d p\no«se

becomes \ess dense due to thermal exponsion. Meanwhile, as you

supercritical

fuid you WCreose pressure, a gas p\nase becomes move dense. Evev\’rua\\y,

=
&
&
e
E]
n
]
2
S

Even‘rua\\y. the densities of the two P\nases converge ond the
dstnction between qos ond \'\q,u‘\d d‘\sappeavs. Above this eritical
cntical Po‘\vd‘, you have a suPevcr‘\’f‘\ca\ flurd (SCFR).

— @ SCFs con be veqovded as "hybrid solvents" with properties between

between those of gases and \\quids. Carbon dioxde (304.1K & 7380

7330 KPa) and water (647.3 K € 221,200 kPa) are the most frequently used w o wide vange of
applications, wcluding extroctions, dry cleaning and chemicol waste disposal. - www.wikipedioorg 8

[=] 2% [=]

“fA/eﬂ7 exit is An entr17 somewhere else.” ~ Tom Staf;mrc( E



HONORS CHEMISTRY: BoyLE'S & CHARLES® Laws DATE:

Learning activities: SWBAT. ..

...determine the relationship between pressure and volume.
...determine the relationship between temperature and volume.

BOYLE'S LAN:

- As pressure goes up, volume goes...

- Where PV = k (where k is a constant)

- ThwK of a ‘\'oy syringe. How does Pu\\‘mg/Pus\n'w\g effect Pvessuve’?

When observing a sample of gas under changing conditions you can use:

ROBERT BOYLE P1V1 — P2V2

Try fhis... Balloon has a volume of 4L at 100 KPa. At what pressure whll
the balloon have a volume of & LY

PRESSURE —

Try fhis. .. Asas W a l0.0 L contawer s under a pressuve of 100. KPa. If the pressure wcreoses five -
fold, what will the new volume be?

EHARLEE'S LA“ The volume of gas at a constant pressure is directly proportional to the absolute temperature.

- As the temperature goes up, the volume goes... up and vice-versa.

- v/t = k (where k is a constant)
- ThwK of a balloon. How would dnomg‘mg the tempevature

affect the s\ze?

T
K
N
S

JACQUES CHARLES V 1= V2
When observing a sample of gas under T T

changing conditions you can use: T1 T2 TEMPERATURE —




Tvy fhis... a savv\P\e of gos occupies 249 wm® at 100. K. What would volume be at 400. K?

Try fhis... Gas w a ba\loon occupies 2.5 L ot 300.°. At what ‘rew\P. will the balloon expomd o0 75L¢

DID YOU KNOW... "robevt Boy\e (Jamvary 25, 1627 - December 30, 169) was the fivst promnent
scientist Yo perform controlled experiments and to publish s work with elaborate detanls
concevning procedure, apparatus and observations. Boy\e’s wsistence on expermentation
established W as a founder of the modern screntific method and s arguments weve so

persuasive as Yo win many ‘\mpov‘\’aw\’ cowverts, most vxo‘\’ab\y Isaoc Newton.

n 166l Boy\e pub\‘\s\ned The Sceptical Ch,ym'»sf w which e avgued agowst mony of the fau\‘\'y

o«ssump*"\oms of \is day vegavd‘mg such ‘\’\n'\vxgs os the nature of elements (ve. all ob\’)ed's wmust

contaw at \east a i"\vxy omount of all elements).

It s V\o‘\’ewov‘\‘\ny that Boy\e was amowng the fst to Pub\'\s\n the details of Wis wovk, ’\vxc\ud'mg
unsuccessful experiments, but Boy\e was wever able to abandon the belefs of a\c\new\y He

believed w fransmutation of the elements and w 1676, e veported to Fmmmmmm w%» kL3
fo the Royal Society on his attempts to change quicksilver wto gold. : ‘

go\d. He believed that he was near success w this endeavor.”

DID YOU ALSO KNOW... " 1723, vealizing that \nydvoaew wos \ighter
Lighter thow aw, Jacques Charles mode the fist bolloon usng
\nydvogew gos ond, on August 27, 783, the ba\loon ascended o a heght
heght of nearly 3,000 feet. Upon londng outside of Paris, & was
deshoyed by tevrified peasants.”

www.waaodvow.ovg & www.ceM’emvx'\q\off\'\g\n‘\'.gov

“The best Armor is to keef out af range. "~ Italian Proverh



HONORS CHEMISTRY : Gar-Lussac’s, AvocapRO’s & THE COMBINED GAS Law DATE:

Learning activities: SWBAT...
...determine the relationship between pressure and temperature.
...use the Combined Gas Law to solve changing gas conditions.

GAY-LASSAC'S LAN:

e N - As temperature goes up, pressure goes...

- P/T = k (where k is a constant)

- What would \nappem Vf you weve to Pu‘\' awn aevosol contaner

W oa five?

PRESSURE —

When observing a sample of P1 — P2
JOSEPH GAY-LUSSAC  gas under changing _—

conditions you can use: T1 T2

TEMPERATURE —>

[=]

Ty fhis... a gos exevts a pressuve of 112 atm at 100K, What would the pressure be at 350K? E

[=]

Try fhis... Acontawmer of gos s of 25°C & 225 KPa. |t whll vupture ot 1000. KPa. What temperature will that bef?

The gas laws you currently know all require some conditions remain constant.

(You can use thePivot — Pinch one variable and rotate. Shows relationship for the other two.)

When using the Eﬂ“ElNEB EAS LA“ you can account for any changing conditions.

P1V1 — P2V2 <:::] By keeping any one variable constant, you can

T T derive the three more basic gas laws.
1 2




Try this... A 17.2 L sample of gas is at atmospheric pressure (101.3 kPa) and 9.87°C. What would the temperature change to if the

volume doubled and the pressure changes to 1.267 atm?

AVOGADRO'S LAN:

- As the number of moles of a gas goes up, volume goes... EE‘..__

- V/n = k (where k is a constant)

- Equal volumes of gases under the same conditions have equal

numbers of molecules, no matter what the gases are!

- One mole of any gas at STP will have a volume of 22.4 L

AMEDEO AVOGADRO (= molar volume)

VOLUME —

| Vi=V,
When observing a sample of gas under —_—
changing conditions you can use: N4 P AMOUNT OF GAS —

Try this. .. A‘\'mosp\nev'\c oxygen con be converted to ozone when exposed to \n‘\g\n e\lectrical fields. If 1.OO moles
of 0, with a volume of I5.5L s covnp\ei’e\y converted to Og, what will the new volume be, assuming o constant
‘\'empevc\*uve awnd Pvessuve?

I"]] Yuu KNﬂw--- "Joln Da\ton, not Kmow"\vxg about dratowmics, proposed fhe wcovrect assumption thot

W the most common compound between two elements, therve was one atom of each.

Gay - Lussac was s‘\'uo\y'mg the chemical veactions of qoses, and found that the vatios of volumes of the
veac‘\"\v\g goses weve swmall ‘\v\‘\'egev wumbers. Dal\ton vealized that a s'\mp\e ‘wd'egva\ velation between
volumes of veqd"mg gases '\mp\‘\ed on e%ua\\y s‘\vv\P\e velation between veo«c‘\"\v\g Pavi"\c\es. Dalton cou\d not

o«ccep‘\’ how one Powhc\e of oxygen cou\d y‘\e\o\ two Pav‘\"\c\es of water.

W 13ll, AVogo«dvo powted out thot Dalton had confused the concepts of atoms and molecules. The "atoms"

of vx'\‘\'vogevx ownd oxygewn are W vea\'\‘\'y "wmolecules" cow\'a'\vx'mg fwo atoms each. Thus two wmolecules of

\r\ydvoge\n can combine with one molecule of oxygen to produce two molecules of water. AVOgo«o\vo

sugges‘\'ed thot e%ua\ volumes of all goses ot the same +ew\Pevod'uve ownd pressure contawn the some

number of molecules which s now Known as AVquo\vo ‘s Pv'w\c'\P\e." ~ www.bul\dog.u - net.com

“The real voyaae of discovery consists not in seeking new Landscapes, but in having new eyes.” ~ Marcel Proust
hAq Y 9 P 9 i



HONORS CHEMISTRY : PALTON AND THE TDEAL GAS Law DATE:

Learning activities: SWBAT. ..
...explain and use Dalton’s Law of Partial Pressures.
...explain and use the Ideal Gas Law

DALTON'S LAN OF PARTIAL FRESSLIRES:

PART/IAL PRESSURE:

Piotal = Pa+ Pp + Pc + Pgte. . . ...where a, b, ¢, etc. are...

Ty fhis... Total pressure of three goses s 700. fovvr. \f oxygen s 200. tovvr and v{\\'vogem

e < | s 450. Yovv, how many Yorvvs of pressure s the thivd Sas?
JOHN DALTON

Ty fhis...You ave co\\ed"mg butane gos over water at 40 °C. The total pressuve veqd'w\g \s 75.05 KPa. What s
the portiol pressuve of butane? (The vopor pressure of water @ 40 °C= 7.33 KPa.)

The partial pressure of any gas in a mixture can be expressed as a MOLE FRAETIDN

Mole fraction of gas X = moles of gas X
total moles of gas

Note: mole fractions are always...

Try s A qos contributes |74 of the Yotal number of particles w acontoner. What s 1ts mole fraction?

Ty s, .. Oxygew qos composes about 21% of the o«‘\‘w\osp\neve. Whaot s the mole fraction of oxygevf?



THE IDEAL GAS LAN:

PV = nRT
...where Ris... R=8.314 LkPa or 0.08206 Lsatm
mol*K mol*K

- R is NOT an equation, it is a CONSTANT. Do not plug numbers into it!

- Given any three variables, you can solve for the fourth, but watch your units!!!!

Try this...You have a 0.0562 mole sample of CO;. ¥ was placed w a 350. mL container at H00. K. What is the

pressure (wn KPa) exerted by the gas?

CRASH COURSE ON DEAL GAS

Try this... The averoge \\mg co«po«c'\‘\'y for humans s avound 4.0 x 10° mL. A% body ‘\'empevor\'uve (37°0) and L.l atwm,

how many woles of oXxygen gos con your \uv\gs Wold? How MmONY growms \s that?

REVIEW & REFLECTION

" great man does not Lose his childlike heart.” ~ Mencius



HONORS CHEMISTRY: GAS STO/CHIOMET RY DATE:

Learning activity: SWBAT. ..
...combine stoichiometry with the Ideal Gas Law to solve chemical challenges.

REMEMBER, STO/CHIOMETRY IS A METHOD FOR EXAM/NING MASS AND/OR QUANTITY RELATIONSH/IPS AMONG
REACTANTS AND PRODUCTS IN A BALANCED CHEM/CAL REACT/ON.

- It uses and in a factor-label framework.

> > >

- To go from grams to moles (or vice-versa) you’ll use a molar mass conversion (one step)

- To go from moles to moles you’ll use a mole ratio conversion (one step)

Since amount is one of the variables in the |deal Gas law, we can combine it with stoichiometry to solve all

kinds of problems!

Try fhis... If woater s added Yo so\d mognesium witnde, the two will react Yo form solid mognesium ox\de and

ammonia gos. \f you have 0.3 groms of magnesium witride, how many ¢ wm> of ammona qos w\ be collected at
24°C awnd 752 mwm HS?

DEWITT ON GAS STOICHOMETRY

REVIEW & REFLECTION

“Reality is nathiﬂg but & collective hunch.” ~ JTane Wagner



HONORQ CHEMIGTRY  QUANTITATIVE ANALYQIQ OF C0; IN POP
PURPOSE:

In class you have been learning about several properties of gases. In this experiment you will take your
knowledge of the ideal gas law, molar mass conversions, and Henry’s Law to quantitatively analyze the
amount of carbon dioxide dissolved in the popular soft drink, Coca-Cola. If your technique is solid you
will be able to calculate:

* How much carbon dioxide is in a .5L bottle of Coca-Cola.
* At what pressure that Coca-Cola must have been bottled.
*  What volume that carbon dioxide would expand to at normal pressures.

REAL WORLD APFPLICATION:
Soft drinks are big business. The National Soft Drink Association states the following facts:
183,000 people are employed by the soft drink industry in the U.S.

* These jobs in turn create another 1.6 million jobs in sales, distribution, etc.
* Sales of soft drinks exceeded $60 billion dollars in 2000.
* The average American will consume 53 gallons of soft drinks a year!

The carbonation process of soft drinks gives them the distinctive taste and texture that people have been
refining since the turn of the 19™ century. At its foundation of this is some interesting gas chemistry.

FUNDEMENT AL CHEMZICAL PRINCIPLE:
HENRY'S LAW states that the amount of gas dissolved in a solution is directly proportional to the
pressure of the gas above the solution. In the case of carbon dioxide,the equation would be:

" Pco=kco. Ceos "

where Pcoz = partial pressure of CO, (in atm)
kco, = Henry’s Law constant for CO, (32 L atm/mol at 25°C)
Ccoz = concentration of CO, in the solution (in mol/L)

As the pressure increases above the solution, the amount of gas dissolved in it increases. Soft drinks are
bottled under higher pressures to increase the amount of gas dissolved. The characteristic hiss of an
opened bottle of soda comes from the dissolution of the carbon dioxide under the reduced pressure of
the normal atmosphere.

Note: Hev\vy's Loaw s om\y valid if theve s no reaction between the solute and the solvent.

However, theve |S a reaction between carbon diox\de and water to produce carbownc acid-

HzO(]) + COZ(aq) « H2C03(3‘1)

Fov\'umor\'e\y. ow\y about 0.2% of the dissolved CO, forms carbonic ac\d, so we can asssume

that the carbon droxide s essevd"\a\\y nwown - reactive with the water.




SAFETY, HANDLING, ano DISPOSAL:
Proper laboratory procedures are always necessary. Never eat or drink anything in a laboratory, even if
it’s Coca-Cola. All used soft drinks should be dumped down the drain.

MATERTALS:
Three-beam balance Calculator Goggles
.SL of Coca-Cola (student supplied, room temperature, and unopened)

PROCEDURE:

1. Measure and record the mass of an unopened .5L bottle of Coca-Cola.
Open the bottle and release the pressure (be sure not too lose any liquid!). Recap bottle.
Continue to shake, open, and recap bottle until no audible hiss is heard.
Measure the mass of the opened bottle (be sure to have cap on bottle).
Shake, open, recap and re-measure the mass until it no longer decreases. Record that mass.
Calculate the mass of CO, lost to the atmosphere.
Make a data table of other group’s data. (Be sure to mark if a different brand of pop is used.)
Complete calculations.

NN R WD

CALCULATIONS:
1. Calculate the average mass of CO; lost.

2a. Calculate the molar mass of CO,.
b. Calculate the moles of CO, lost based on your answers for 1. and 2a.
c. Using the ideal gas law, calculate the volume of the CO, at 1.00 atm and 25°C.

3a. Calculate the concentration of CO, (in mol/L) dissolved in an unopened bottle assuming it is 0.500 L.
b. Using Henry’s Law, calculate the partial pressure of CO, above the solution in an unopened bottle.

4a. Using Henry’s Law, calculate the concentration of CO, (in mol/L) in an opened bottle, assuming the
partial pressure of CO, at atmospheric pressure is 4.0x10™ atm.
b. Now calculate the grams of CO; left dissolved in an opened bottle using the concentration you
calculated in 4a. (Assuming the soda is “flat.”)

THINGS TOTALK ABOUT...

* Discuss how your calculations for #2c. How did they compare to your expectations of the amount of
CO, in the soft drink?

* Discuss your calculations for #3. How does it compare to normal atmospheric pressure? Explain the
difference.

* Compare and contrast the amount of CO, dissolved in both open and unopened bottles of Coca-Cola.
Use Henry’s Law to explain the large difference. Explain, in detail, why soda goes flat over time.

QUESTION:

Define what ‘standard deviation’ means in your own words. Write down the equation and calculate it for
the class’ data.

“Tkay s;amk af my c{n’nking, but never think af my thirst.”
~ Bcottish Proverp



HONORS CHEMISTKY LET'S G0 DIVING!

DIRECTIONS: The following a summary of information found in a variety of internet sites regarding
the some of gas chemistry implications of scuba diving. Read the material and then take notes on it.
Remember, ‘taking notes’ means you create an organized structure/hierarchy of importance. The
simplest way to do this is by using a classic outline structure (L, A., 1, 2, 3, etc.).

“The relationship of solubility to pressure is given by Henry’s Law. Henry’s law states that the amount of gas
that will dissolve in a liquid at a given temperature varies directly with the pressure above the liquid. For
example, when you open a can of soda, the dissolved carbon dioxide bubbles out of the solution because the
pressure of the container has been lowered.

The general rule of thumb when diving is that pressure increases by 1 atm. for every 33 feet someone dives. This
means at 33 feet below the surface, a diver will experience 2 atm of pressure from the water. Due to Henry’s Law,
this means that the deeper a diver goes, the greater the dissolved gas amounts become. This does not create
problems during the dive, but if the diver ascends rapidly to the surface, the excess dissolved gases can form
bubbles in the blood. Divers must carefully follow ascent rates from depths greater than 10 meters. By remaining
at fixed interval depths for a period of time, the diver allows dissolved nitrogen to slowly escape without creating
large bubbles in the blood.

The air we breathe is mostly a mixture of two gases, nitrogen (78%) and oxygen (21%). Unlike oxygen, nitrogen is a
biologically inert gas. For this reason, most of the nitrogen we inhale is expelled when we exhale, but some is
dissolved into the blood and other tissues. As the water pressure increases, so does the pressure of the nitrogen in the
compressed air inhaled by the diver. The diver takes in more nitrogen with each breath than would occur at sea
level, but instead of being exhaled, the extra nitrogen safely dissolves into the blood and tissues. Increased nitrogen
concentration in the blood can also cause nitrogen narcosis (rapture of the deep) when divers dive below 30 meters.
Divers experience intoxicating symptoms such as happiness, overconfidence and impaired memory.

On the way up, decompression occurs; in other words, the water pressure drops. With the decrease in pressure, the
extra nitrogen gradually diffuses out of the tissues and is delivered by the bloodstream to the lungs, which expel it
from the body. If the diver surfaces too quickly, potentially dangerous nitrogen bubbles can form in the tissues
and cause decompression sickness. Since the nitrogen bubbles that cause decompression sickness can affect all
body tissues, many different symptoms are possible. Symptoms can appear minutes after a diver returns to the
surface. The appearance of symptoms occurs within eight hours in about 80% of cases. Pain is often the only
symptom. This is sometimes called "the bends," although many people incorrectly use that term as a synonym for
decompression sickness. Pain, which ranges from mild to severe, is usually limited to the joints, but can be felt
anywhere. Severe itching, skin rashes, and skin mottling are other relatively common symptoms. All of these are
sometimes classified as manifestations of Type 1 or "mild" decompression sickness. Type 2 or "serious"
decompression sickness can result in paralysis, brain damage, heart attack, and death. Many persons with
decompression sickness experience both Type 1 and Type 2 symptoms.

Decompression sickness is treated by giving the affected person oxygen and placement in a hyperbaric
chamber. A hyperbaric chamber is an enclosure in which the air pressure is first gradually increased and then
gradually decreased. This shrinks the bubbles and allows the nitrogen to safely diffuse out of the tissues. People
suffering from decompression sickness who undergo chamber treatment within a few hours of symptom onset
usually enjoy a full recovery. If treatment is delayed, the consequences are less predictable, although many people
have been helped even after several days have passed. A 1992 report on diving accidents indicated that full recovery
following chamber treatment was immediate in about 50% of divers. Some people, however, suffer numbness,
tingling, or other symptoms that last for weeks, months, or even a lifetime.

Hyperbolic chambers can also be used in medical therapy since, while under pressure, there are more molecules of
oxygen available to the body's cells. The treatment is either for carbon monoxide poisoning or for wounds or
infections that respond well to hyperbaric oxygen therapy.



As the temperature is increased the solubility of a dissolved gas is actually decreases. You see this every day as
bubbles form when a cold glass of water is allowed to warm to room temperature. Another example of this can be
seen when water is heated on a stove. The gas bubbles which appear on the sides of the pan well below the boiling
point of water are bubbles of air, which is evolved when water at lower temperatures is heated and the amount of air
which it can contain decreases. A third example of this is when boiled or distilled water is added to a fish tank. This
can cause the fish to die of suffocation unless the water has been allowed to re-aerate before addition.

A diver must not take a hot shower or bath immediately after a deep dive because an increase of body temperature
will cause a faster release of dissolved gases.

In diving, the pressure inside the lungs must equal the pressure outside the body, otherwise the lungs collapse. One
solution is a rigid articulated diving suit, but these are bulky and clumsy. Another solution is known as ‘liquid
breathing’. Liquid breathing is a form of respiration in which a normally air-breathing organism breathes an oxygen
rich liquid (usually from the perfluorocarbon family), rather than breathing air. Breathing liquid instead of air
seems odd, but if the technique could be perfected it would revolutionize diving. With liquid in the lungs, the
pressure in our body could accommodate changes in the pressure of the surrounding water without the huge gas
partial pressure changes required when the lungs are filled with gas. The elimination of gasses at high partial
pressures would eliminate the need for decompression and its above inherent problems.

If the technique could be perfected, it would be extremely useful for submarine escape and undersea oxygen support
facilities, and for underwater work, as portrayed in the 1989 science-fiction film The Abyss. Unfortunately, there are
problems with execution of the idea. All uses of liquid breathing for diving must involve total liquid ventilation.
Total liquid ventilation, however, has difficulty moving enough fluid to carry away CO,. It seems unlikely that a
person would move enough of the liquid without assistance from a mechanical ventilator. The "free breathing" of
liquids by working human aquanauts as seen in the film The Abyss, will probably be a long time coming.

The immediate use of liquid breathing is likely to be in treating premature babies, and adults with severe
lung damage from causes such as fires. Liquid breathing began to be used by the medical community after the
development of the fluorochemical perfluorooctyl bromide, or perflubron for short. It is instilled directly into the
lungs of patients with acute respiratory failure (caused by infection, severe burns, inhalation of toxic substances, and
premature birth), whose air sacs have collapsed. Once inside the lungs, perflubron enables collapsed alveoli (air
sacs) to open and permits a more efficient transport of oxygen and carbon dioxide. Current tests are focusing on
premature babies, but trials with adults are ongoing.

Liquid breathing has also found its way into science-fiction where special liquid filled suits enabled spacemen
to withstand extreme acceleration forces. Forces applied to fluids (such as gravitational forces on Earth) are
distributed as omnidirectional pressures. In the ocean, this distribution of force allows organisms such as whales to
grow to sizes that would be unsupportable on dry land.

Because liquids are incompressible fluids, they do not change density under high acceleration such as performed in
aerial maneuvers or space travel. A man immersed in such a liquid would have inertial forces distributed around his
body, rather than applied at a single point such as a seat or harness straps. The effect of high acceleration is caused
by different parts of the accelerating volume having different densities and thus different momentums, and with
acceleration in air in the spaceman's body has a very different density from the air or vacuum in the spacecraft; as a
result, the effect is much less if he is immersed in liquid and is breathing liquid.

However, such application is probably physically and anatomically not possible. The main problem with
acceleration forces is that they force the heart to pump blood at much higher pressures. Liquid breathing would not
change that. Moreover, filling lungs with liquid, especially as heavy as perflurocarbon, will dramatically increase
their weight. At extreme G forces experienced by pilots and astronauts, the filled lungs are likely to rupture.

SOURCES: www.sdm.scot.nhs.uk www.chemistry.boisestate.edu www.psigate.ac.uk
www.health.enotes.com www.en.wikipedia.org

“Ido not know what I may appear to the world; but to myself I seem to have been only like a ]7017
playing on the seashore, and diverting myself in now and then finding A smoother ;Je%le or & prettier
shell than ordinary, whilst the great ocean of truth Lay all undiscovered before me.”
~ Sir Isaac Newton
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