What Is Water?

A water molecule is made of one oxygen atom and two

hydrogen atoms: H, e
hydrog t H,O P)LA f&
MoLecuLe

+ AND -
CHARGES

Oxygen

v
M' C I&EY Hydrogen
MOWSE

Hydrogen Bonds

Many unique and important properties of water result from
hydrogen bonding.

bt‘hﬂ% H’a‘m\f 1
“one Hy0 and

0 atom on
ANOCTHER

H20
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Due to HYDROGEN BONDING
1. High Surface Tension ~ paperclip fleats
-ability to resist external force e Suk-f:d“—e
-inward force or pull causes drops
2. Low Vapor Pressure
-slow evaporation prevents lakes and oceans

from evaporating
3. High Boiling Point absovlks AloT o-F HEAT,
-no boiling, so lakes and oceans remain in ¢y, ea-f'
liguid state ’j
4. |ce Floats on Water
-ice less dense than water

ICEBERGS amd ICE at TOP
: : no+ R0 TToM
if not , woulol k—'”/ﬁqu aquatic (,4‘7&
Water is UNIVERSAL SOLVENT
-ability to dissolve many substances
-dissolves sugar, salt, other solutions to be

diluted

* COHESION — water is
attracted to water

Cohesion

* ADHESION — water is
attracted to other

substances Adhesion
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Name Period Date / /

Virtual Lab 10.2 Concentration and Molarity

Go to Simulations at http://phet.colorado.edu/ >Search for concentration>Click on concentration
simulation. Click play.

Introduction: Everyone likes candy. Have you ever wondered how that candy
is produced? How do they get all that delicious sugar into those tiny
packages? Could you make hard candy like those you can buy? It's easier
than you think. Web searching for “rock candy” will yield a number of
delicious recipes you can try at home.

Concentration

Some handy vocabulary for you to define:

Solute Salvent

Moles

Molarity

Saturated (not fats)

Unsaturated (not fats)

Supersaturated

Concentration
{mol:L)

Procedure: PhET-> Play with the Sims = Chemistry = Concentration & K

Part 1: Dissolution and Saturation

s f e

.
happens to the concentration as solid solute ‘y is added and when evaporation occurs.

How does the concentration change as solid solute is added? /NC[LE?\'S =

How does the concentration change as additional water is added? betrepasE

How does the concentration change as evaporation occurs? INCREA E-

How do you know when a solution is saturated? MAX TN AVWOUNT. 0 F SOLLTE

When a solution is saturated, and additional solid solute is added, what happens?  NO CHANGE N CONCENTLATION

Why do you think thisis? _KNoT  ENUal” <owenNT

How does adding this additional solute change the concentration of this saturated solution? A/D CHAN G E

How does evaporation change the concentration of a saturated solution? po C HANEG E

¥ Adding a concentrated solution... describe a way to determine the concentration of the solution in the spigot. Write
your plan here:

Part 2: Concentrated Solutions © Solution 0 ~ Click on solution




Using your plan...how might you get that concentrated solution to become saturated?

Does your plan work for all the other solutions too?

Why? / Why Not?

Part 3 - Saturation

Concentration

Molarity is moles per Liter, that is, how many moles of solute (entire salt) is dissolved per Liter of solution.

First, determine the saturation concentration of each of the solutions, that is, how concentrated can you get each solution
before the solution is saturated. You do this by adding the specific solute to the water (don’t forget to move the sensor over
the water first). Once you add the maximum amount of solute, your saturation concentration would be the concentration
shown on the display. The first one has been done for you.

B cobalt () nitrate | 5640 mol/L Potassium chromate 3,250 ™/
B Cobalt chioride 270 wel /L | [l Nickel (II) chloride 5,210 ML
_! Potassium dichromate |©. =10 f“°‘7l, . Copper sulfate l.ago mol /1
Il Potassium permanganate | 0-4<0 "/

Part 4: Calculating Molarity

Use the formula for Molarity to solve for all the variables (M, Moles and Liters)

. . moles of solute (mols) n
Concentration=Molarity (M) = . : = —
volume of solvent (liters) L
Moles of Liters of Solution Molarity of Moles of Liters of Solution Molarity of
Compound (mol} (L) Solution (M) Compound (mol) (L) Solution (M}
53 79 D.bF 0. Ho 78 59
.86 34 5% .88 0.4 4 1.8
1.0 20 5.0 3.5 8.4 0. 42
67 67 [0 6.4 8.5

Conclusion Questions and Calculations, Concentration and Melarity Post-Lab Exercises

(please staple to your lab page)

The Sims: Google: “Phet” PhET—> Play with the Sims - Chemistry 2 “Concentration” or “Molarity”

1. Adding pure water to a saturated solution (with no solids) would cause the concentration of that solution to increase /
decrease / remain the same. (circle}

2. Adding pure water to a saturated solution {with some solids) would cause the concentration of that solution to initially
increase / decrease / remain the same. (circle)

3. Adding a solid salt to a saturated solution causes the concentration of that solution to increase / decrease / remain the same.




4. Evaporation acting on an unsaturated solution causes the solution’s concentrationg@decrease/remain the same.
5. Evaporation acting on a saturated solution causes the solution’s concentration to increase/decrease/@')

6. Using your notes, your text, or the internet discover what happens to the saturation concentration when a solution’s

temperature is increased. What happens as a solution is heated?  SHAFPETC SATUILATIZT

7. Why does this happen? (hint...think about the molecules) Mo ve. Col,u,étc a{AréfaolN(— W“H/l— fWCfU—éC
I.VL l«.e»»

8. Can you dissolve .35 moles of Potassium Permanganate (KMnQ,) into 500 mt of water? ND Why? / Why not?
Hint: Go back to saturation concentration of this lab (please show work)

— o Moaximu 1S )M4K0 M)
T, e A UsTOuN
9. (Can 1750 mL of water ciissolve 4.6 moles of Copper Sulfate CuSQO,? ND Why? / Why not? (show work)
- kb mol MAX MM [«3%0 M

|.#s0 L

10. What is the solution concentration formed from 3.6 moles NaCl dissolved into 1.3 L of water? (show work)

:-—V:" = _’—-—-'%'(0 = Q!g M
i ~ M | .2

11. What is the solution concentration formed from 2.1 moles BaCl; dissolved into 1.9 L of water? {show work)

- = _ 2.1 _—
e

12. How many moles of solute are present in .75 L of a .89 M (molar) solution? (show work)
~ = 0.bF meo l
13. How many moles of solute are presentin 1.4 L of a 1.9 M (molar) solution? (show work)
M= = (ML) w = (ra) i)
- = 27 mol

14. What volume of water would be required to dissolve .46 moles of solute to produce a .22 M solution? (show work)
- — v
L M= K o= fo=
i Pl —er——

P A i
D4 mo |

\

A~

0.2 M|
20|

1



Overview of Molarity and Concentration

A solution is a homogeneous mixture composted of two or more substances. In a solution, a solute is dissolved in
another substance called a solvent.

How to make a Kool-Aid solution. ..

Solute — dissolving substance or particle Which is solvent and solute? Depends!

-in this case it is More moles of the “substance” = solvent
[.ess moles of the “substance” = solute

Solvent — substance that dissolves another

-in this case it is

Molarity (M) is a fancy word in chemistry that means_pn L-E?TV'WW(‘.hemistry. The molarity of a solution
is determined by the amount of moles (n) of solute dissolved in the amount of volume (L) of the solvent.

The formula to calculate the concentration or molarity (M) is given below;

moles of solute (n)

Molarity (M) =

volume of solvent (L)

Example 1: Calculate the molarity, of a solution when 2.00 mol of glucose are dissolved in 5.00 L of water. (0.400

M) M= “n \V4
2. ol
- A M:’QOOW = 0.4o0o M
\E — C.o0 i
Example 2: How many moles of NaCl are in 5.40 L 0f1.25@a€1 ? (Mal) L)a 7S mo /
=7 \/ M S MoLATLIT
M= a2 = 0 (&do) cw = bgb mol LT ol

L SH0 L-
Example 3: What volume of solvent is needed to dissolve 0.673 mol of CaCl, to prepare a 0.298 M CaCl,

solution? .26 L)  \/ = 7/ s M 7\

N . | MoLA zrr\/
M'—Vi Lo2ag M = .22 ol &
Factors Affecting Solubility  , . . = L 24¢ M LY e S
*  AGITATION ‘ECS iccowe
— Stirring, shaking 4 b02a¢= ot
example) STIRRING coffee mixture with sugar, cream, etc. . EE———
»  TEMPERATURE | L

— Add heat, increase temperature to dissoive solute PR T .
example) making HOT tea, cooking L:_(_’__?“_(j/i ) l (:,lo?é)
* SURFACE AREA ‘ ' . 7/?/@' L 2K
— Break particles into smaller pieces to increase surface
example) BREAKING sugar cubes in lemonade/coffee to make them smaller

Types of Solution (hand warmer demo)
* UNSATURATED - contains less solute than a saturated solution at a given temperature and pressure
*  SATURATED —contains maximum amount of solute for a given quantity of solvent at a constant
temperature pressure
*  SUPERSATURATED - contains more solute than it can theoretically hold at a given temperature



Name %Am/\ Solving for M, n, or L using the Molarity formula
Notes 10.1 Solutions Lab & Virtual Mbolarity Discussion

moles of solute (mol)

And Dilutions Molari = _
Types of Solutions ty (M) volume of solvent (L)
n
. — M=7
i M = molarity
e n = moles of solute
2 L = volume of solvent
1. Isolate mol (n) in the molarity formula.
unsaTuRATED|  [SATURATER | [SupaesATurgTED ) v :
_ (LM = ™/ SP\\QLTSQ
Move ™ AxX Morc. Solute v
MG.F U ( Sao( ,\B:E Mw Hiat THEORETIAWY 5 (o late liters (L) in the molarity formula.
Can. be “Zolwed Be Adszaved Liw=n I L= n

Factors that Affect Solubility —_—
M M M

LLAgitation,=" Example 1 Calculate the molarity of a solution when 2.00 mol of

2. Increase temperature — glucose are dissolved in 5.00 L of water (0.400 M)

3. Increase surface area — M= M = 2.00 mo | = D4dvo M
L .00 L.

Borax Salt Crystalizing

g_ ;
O o) M= n)(m)

£ awx(swon(l2sm)=b7s

_ Example 3 What volume of solvent is needed to dissolve 0.673 mol of

S— CaClI2 to prepare a 0.298 M CaCl2 solution? (2.26 L)

L= = 0bFrmol _ 5o
W 0.29% M

3. Allow borax solution with ornament to cool. For practice problems and review, go over the Virtual Lab 10.2

1. Boil 400 mL of water.

2. Dissolve 40 grams of borax in boiling water.

Example 2 How many moles of NaCl are in 5.40 L of 1.25 M NaCl ?






Example problems involving mass of solute instead of moles of solute
dissolve in solvent.

M

2. Calculate the molarity of the following solutions.

> /\ a) 12.0 g of lithium hydroxide {LiOH) in 1.00 L of solution (0.500 M)
= M Al Vv
Example 4 Calculate the mass of solute of a 1.00 liter of a 1.00 M mercury _NQu | mol LIOH D |. comwer & mass +om3€ou~
(1) chioride (HgCl,) solution. (272 g HgCl,) X =0 . “n
[, Solve qbuw n %#@tsx il 2. divide n ru/\
M= KR onvert n to-nv
i L v 204(35.5)2 M= = 0SPOmol _ 0.500 M
v ¢ ey s :
[0 mal Hacl, , 272 g HgCiy . /.00 L
A = mg.w mx _\v g-2 x Q : b) 198 g of barium bromide (BaBr) in 2.00 L of solution (0.333 M)
, mol Hg | . ( B
. 29 Pr.
= oo mel Hgliy FFTX g Hglle 74 2
=V - 0Lbb? el _
1. What mass of the following chemicals is needed to make the ?a [ =t = 033 £| >>
solutions indicated? 2.00 Lo

a) 2.00 liters of a 1.50 M sodium nitrate (NaNOs) solution (255 g NaNOs)
= ML

= (.50 M) (2.0 L)

= .00 Mol

.00 320\ Z,N\ZQNV » mwru\.u ZleQW = hm..uluﬂU\IM\‘u

| mel NaNQ 2 Z\rZOW
b) 5.00 liters of a 0.100 M Ca(OH), solution (37.0 g Ca{OH),)

= ML
= (o.4vom) (S 00L)

= 0D.Too nwo g

059 mol (aloh), , Pt g Calo)y - 3709
| mol Ga(OH)5

\4

3. Calculate the volume of each solution, in liters.

a) 1.00 M solution containing 85.0 g of silver nitrate (AgNOs) (0.500 L)
M — = . comwert mass ._.am?bw
Qﬂou &ZOW 36_ )ww?ﬁw “n-
X A dividle.
g hes de by M
=050 mol \(.\\..\W Uo{,..nm...n..\.n.w.:ao~“os§~\
o, M j.oo &M
b) 0.500 M solution containing 252 g of manganese (ll) chloride
(MnCl;)(4.001) ﬁ |
2529 MnCly mol MnCla _ 20 mol
L=W = 2wl _ Joo L
N\ 0.5500 WA
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