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UNITY

Solution Chemistry

KEY IDEAS

Vocabulary What does it mean?

VSEPR

dipole-dipole

London forces

Hydrogen bond

polar

solution

solvent

solute

dissolve

soluble

solubility

saturated

unsaturated

dilute

concentration

molarity

dilution

precipitate

formula equation

complete ionic equation

net ionic equation

conductivity
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9.1 - Valence Shell Electron Pair Repulsion Theory (VSEPR)

Remember, molecules are 3D structures. Their geometric shape is determined by

. - : electron pairs in bonds will orient as far away from each other as possible

e valence electrons — these occupy space too so these will spread out evenly around the central atom

Atoms Log:ec:airs of Example
ectrons
Name Shape B?:Zii:‘aro Bonded to J:ﬁ:'i Formula Lewis Struct_u re Represented
Atom S in3D
Atom
Linear Q O l80° Be’“& H-Be-H
H
Trigonal ° !
planar 3 O [0 BH'& B
H” “H
H
|
Tetrahedral 4, 0o IOTSO CHL‘. H /Cg.. H
H
Trigonal M
pyramidal 3 \b—‘fo NH3 H / - H
A7 H
Angul !xi R “O"
ngular 4 .
" \ 2 2 |idse| Hao /7N
LI ll . _ - H H
‘Br:
Trigonal ‘io"b .. | R BY
bipyramidal g 0 (2.0 PBV‘S Br — P -
180° T vy
B
H
q0° Ho, ' H
hedral ., e
Octahedra ‘: 0 80° S H“ / ?;
H™ H H
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Linear Trigonal-planar Tetrahedral Trigonal-bipyramidal

- L

AXg AXg

AX,
Example: PF;

AX,
Example: CF,

Example: Bef, Example: BF;

© 2006 Brooks/Cole - Thomson

9.2 - Intermolecular Forces (P.203 #13-16, P.208 #23, 24)
bd'W{e!\ m 6'@6(&( e and are associated with

Intermolecular forces are attraction forces

physical changes.

TIrdramolecular Intermolecular
- tontc - Hebond
_ cm{ﬂklem‘ ont B jSP“[a_‘J;Pola
- covaler
poi . . — London Forees
~ break thee = chemical reaction
— breal thee = phase change or
Al‘ssulw.«é
A. Dipole-dipole
(molecules with polar covalent bonds are not necessarily polar)

e molecule must be

e & side of the molecule is attracted to the &* side

e can be intramolecular as well

Hel (43 =§ CO, 4+ alb)= 1t

hon- Pblar melecular

Pola»’ Mdluw(&
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Practice: Which of the following molecules are polar?

a) CHa 4+44()=%

H H

l lj: non- polar melec
H-C-H et dipsle ~dipol

I g4 {+ No tPBL (pole

H
b) H,0 2AN+6=F

X

Polo\r molecule

S+ .- 4 0
H-— O -H H - \H n/g“Pole. —JiPole
A5 et
o NH: 5 43(1)=§
N - / 1N H B N Hi- cfu',)u(z -dipela

How molecules arrange themselves when there are dipole-dipole interactions:

D

B. London forces (induced dipoles)
e all molecules have the ability to develop this intermolecular force
e weak and short-lived attractive force caused by _‘lzmmM Doles
o recall e distribution is described as a probability '
o atany given point in time, the distribution might be uneven, creating a
i e 0. ui on the molecule

4 A
Y1
4 A
Yy
4 A
Yy 1T

® increases with increasing #e” and size of molecule
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Consider This: Why is chlorine a gas at room temperature, but bromine a liquid?

Bry has F0e comparea £ Cl, at 34e-
Br,_ hay & much lﬂfjer London —force

C. Hydrogen bonds »
e molecule contains an H atom bonded to a/ 3&& glgchanﬁdim atom (_E, (6} z N )
e the H atom of one molecule is attracted to the F, O, or N on another molecule

e the 5‘_‘ ﬁonaﬂ:‘t of the intermolecular forces
o Hhasho e to get in the way of its attractionto F, O, or N

AV, S4mn

oiacton ") _
H

H—F: :
—“— .
\e Polar) F -
Shod bond IenJv"ff\

Practice: Which of the following molecules can hydrogen bond?

HCN H,S @

7\
H-C =1):
no
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Intermolecular bonds are responsible for how readily covalent substances undergo physical changes
e intermolecular forces must be

e the_More intermolecular forces present, and the ,Hzanggr that they are, the
t the melting and boiling points

e the larggr the molecule and the higher the __m 4§34 , the I’Hﬁ AQL b.p

Example: Among H,0, CO,, and H,S, explain why H,0 has the highest boiling point at 100°C, followed by H,S at -
60.33°C, then CO; at-78.44°C

. H-bond  d-d London |
H;%.‘H v ~/ < most amount of infermoleculor
+orces, Including H-bond
H 5 }.'\ H — which 5 fhe ss?mnaes—l
O =C =0 — <« on la London -ﬁwa.s

9.3 — Like Dissolves Like (P. 207 #18-22, P.208 #25, 27, P. 210 #28-29, P. 212 #30-38)

How to things dissolve?
e There are three intermolecular forces to consider:
1. attraction between So' IA"'Q, + 86'“"@
2. attraction between ,SQIIA:‘( + olvend
3. attraction between __soluent +  Solyent
e The solvent molecule will separate the solute particles by ! intermolecular bonds

between solute molecules .
e The solvent molecules will form strong intermolecular bonds Wl‘“r\ 'H\L J()'IA]LL—

Hydration shells
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The rule of solubility: “Like Dissolves Like”

Rule What is the Solvent?

What Happens?

polar solutes

e solvent molecule is very
polar

will dissolve

best in e dissolving occurs by
420_'@; ol - dipal 3 & R o
solvents ) B _ , R
(9 i- & 5— ¥
non-polar
e solvent molecule is
solutes will

capable of forming
large London forces

dissolve best in = C.F.
e dissolving occurs by - €
n- Ar = X
London Rovzes S
solvents
DI _
ionic solutes

e dissolving occurs by
d ipole—dipole.

forces

will dissolve

best in

r
(] ;\Je,n

@ N i

DD L
@C)@@Q

HHHHHHHEHEHAH HOH I’e

-C-C-C-C-C-C-C-C-C-C-O C C-0O- S ONA & onp

HHHHHHHAHEHH HoH 0
¢ solvent moleculeis a = = LT
organic solutes l HHNHHNHHN NN D
L T T I T A I A B O |
will dissolve in H-C-C-C-C-L-C-C-L-C-C-C-C-C-C-C-C-C-C-0-C-H
H Frrrrrrrrrerrrrrind
. (long chain of C and H) HHHHHHHHHHHHHHHNA
.dissolvingoccursbv HHHHHHHHHHHHHHHHHD
L A I O
solvents H-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-0-C-H
It Prrrr et
HHHHHHHHHHHHHHHNN
HHHHHHHHHHHHHHHHN g
L T A A I I B ‘\ +
H-C-L-C-C-L-C-C-L-C-C-L-C-C-L-C-C-C-C-0-C-H A
AR 1
HHHHHHHHHHHHHHHHA 1
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Example: Soap dissolves in water and fat dissolves in soap.

Soap Aissalvey [ 4t
AND  Water ble

H has =« hO}\—PO‘ﬁfM/
ol A Polw end

Example: Compare the 3 solvents: water, methanol (CH30H) and ethanol (CH3CH,OH).

a) Which one is the best ¢ for dissolving a polar so

H’qﬁ'\H W—Clis-u
the most polor

r\oh—Pblar an;oh

ﬁeJrs i~ Fhe N&a

b) Which one is the best choice for dissolving a non-polar solute? Explain using London forces & polarity.
Draw a diagram of your molecules to explain your answer.

Q,H'\anoll lo/c l’\&xs 'MJC\‘* Vlch_lb()(&\r yea(or\
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lonic compounds existasa __ CY i\ S‘[’O\,( 'ﬁ‘Hl(L , a very organized arrangement of particles.

The crystal lattice of table salt, NaCl

When an ionic solid dissolves in a solvent, we call it a CI ISSOCMFI"OY\ reaction. __Lon$ separate.

Practice: Write a chemical equation for each of the following ionic compounds to show dissociation.

3+ - -+ -
a) AChy =2 Al g * 3y d) HoNg = Hpg +  CN fap)

34 - -
b) FeBryg — Fo (ag) + 3Br (sg)  €) NaiSOyy_— anagt (a) + 804 Lag)

- 24 -
c) CHsCOOHy, — CH-‘,’COO [LL'| + H‘tl‘;) f) Ca(OH)yy _— ()a Lg) + 3. OH I‘,G,I

When covalent compounds dissolve in a solid, molecules separate.

Molecular Solution lonic Solution

L | s

NH
3 Nacl NaCl
NH, PH —_
‘S ‘3 pe— =
L ik, NH, Nacl Nacl @ @

9.4 - Molarity (P.98 #59-71, P.212 #30-38)

Concentration: amount of substance in a solution, standard units Mo l/L or M called mo(ar l‘,’q
s concentrated solutions: thereis & et of substance dissolved d
o dilute solutions: thereis _Vveru |Hle substance dissolved

e saturated solutions: the solution has the _maxi{mMunn concentration possible

e “the molar concentration of X” can be written as __C ¥ 1 C MdCl‘j = G5M

**Note: the word “solution” includes the substance being dissolved, solu&g; ”\QVL yu'umc —M(
9 Gu 2015
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Example: What is the molar concentration of the ions in 0.25M AlClsaq)

? Alcly
Alely, - AR < 3c” \
025 M
CAP*)= o0.asM Ccv-) = 0SS M
Practice ’ﬁﬂl
/L

i l
1. Whatis the [NaCl] in a solution containing 5.12 g of NaCl in 250.0 mL of solution?

5\[9-3 P4 IMO‘ 1’4 ‘

= O‘
5—8\58 0.2500C 3550 ™M
2. Find the concentration of 1.222 g of Na;S0, in 500.0 mL of solution
|
[.2324 X Ims X Lma! = 0.6F2 M
14;1.13 0.5000(
3. Find the mass of NaOH in 3.50 L of a 0.200 M NaOH.
35()/( \JOOrm( y 40le - 250
Imol 3
4. What is the molarity of H,504 (d = 1.839 g/mL)?
1.839 4 Imsl 060ml
0 X —— X = 183 M

5. How many molecules of MgCl; are there in a 10.0 mL sample of a 2.50 M solution?

I&)
3 SO mal 02X 22
0.0100 L x >2m 6.02X10 molec - [\51 %10 melec
L L (mol
@ Find [CI] in a 25.00 mL sample of a 1.0 M CaCl; solution.
- 24 - lolL
Call, — Ca** + 2L 1o
loM 2.6M <O 7
- 25.0 .
Ccrd=2.0M [ mL) <~ st/ L.oM
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9.5 - Making Solutions

Volumetric flask: the container used to make solutions
e accuracy £0.1%
e comes in set sizes: 10 mL, 25 mL, 50 mL, 100 mL, 250 mL, 500 mL, 1000 mL, 2000 mL

w
(=g
[0}
T
7}

O: B N @ JUE e NG B

Know how much of the solution you need to use and choose the appropriate volumetric flask
Calculate how much mass you need

Weigh the mass on a balance into a small beaker

Wash the substance into the volumetric using a funnel and a wash bottle

Rinse the small beaker 3 times

Rinse the funnel well

Fill the flask until it is about % full with distilled water

Cap the flask and shake until all the substance has dissolved

Using a wash bottle, rinse down the neck of the volumetric flask and add distilled water to the mark
(meniscus just touches the mark)

10. Invert the flask repeatedly (about 20x) to evenly mix the solution

11 Gu 2015
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Think about this: What happens to the concentration of your solution if...

1. You didn’t rinse down the beaker: [ 1 '()WU -/h@n "ll'ﬁfﬁd

J
2. You didn’t rinse down the funnel: C _) ,OW -ann '{W'gd

3. You add water past the mark: [ ] I()W@r 'H‘lér\ ‘{00’36'}

Think about this:

1. Why do we not add 1.0 L of water first, and then dissolve our solute?

solude. has vlume oo, gou'd g0 quec 0L

2. What should you do if you add water passed the mark? R‘far‘ oVvVér

3. What happens if your solution is not properly mixed? __ COnC., 3rﬁdl‘&ﬂ‘t

9.6 - Dilutions (P.102 #78-86, 89)

Dilution: l()lAJQ\r C j

¢ not all chemicals are solid when you buy them .
o some chemicals are sold as_CON(2 W+rﬁ+ea( SO'[A‘,(OV\ (eg. HCl sold in 12 M)

o you must perform dilutions to make solutions for experiments

Example: If we start with a 1.0 L solution of 1.2 M NaCl (salt water), and we add 0.5 L of water to it, what is the
final concentration of NaCl?

Q.gt
LY —
LM

Solve Using Moles:

Lot x ldmesl V- _ 0
L L S L 0.50 M
12 Gu 2015
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Before and after a dilution, Mmd ‘&S is constant. We have two equations with something in

common, so we can set up the following:

Ci= Cy = <
Civi= ny Cpug=np
ni=ng
Cive = Cpuy

Solve Using Equation:
C\'\ll‘: C_C\/_ﬁ
(LMLoY = Ce(160)
Cp = 0.8 M

C\Vv, = C_C\/_(

Practice

1. 1f200.0 mL of 0.500 M NaCl is added to 300.0 mL of water, what is the resulting [NaCl] in the mixture?

C{\/.‘ = C‘FV-F
(oSOOM)(aOO‘OmL) = C_p (SOO.OML)
C—F = 0.200M

13 Gu 2015
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2. If500.0 mL of 0.1 M CH3COOH is added to 200.0 mL of water, what is the resulting [CH:COOH] in the
mixture?
C| Vi = Q(V-F

(0.1M)(500.0mU] = Cp(300.0p()
C_r_ = 004 M

3. A student mixes 100.0 mL of water with 25.0 mL of sodium chloride solution having an unknown
concentration. The molarity of the diluted sodium chloride solution is 0.0876 M, what is the molarity of
the original sodium chloride solution?

Cl.V(: C_LV,F
Ci(as.omt) = (0.0836M)( (235 .0mL)
Ci= 0.43%Y M

4. How much 12 M HCl is required to make a 1.00 L solution of 2.00 M HCI?

(RMYV; = (a.00M)(1.00L)
Vl = O\(q'L_

14 Gu 2015
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9.7 - Mixing Solutions (P.102 #88, 90)

Example: What is the concentration of each type of ion in a solution made by mixing 50.0 mL of 0.240 M AlBr;
and 25.0 mL of 0.300 M CaBr;?

50.0mL

0.240M

CA®' ) = (0.240M)(0.0500() _
AlBr

0.160M
o.o450 L

(car) = (o.300M)(0.0250L)

- 0.l00M
0.0350L

CBr)

1

(060M)(3) + (oxtoob;)(z)
— \

= 0.680H Dont need
dinde loy 0.0F50L
because “Tin lread
n ool T

adoled & concerdrafions,
Example: 125 mL of 0.100 M NaCl is mixed with 270, mL of 1.20 M Na;SQ.. Find the final concentration of each

A5mL  230.ml Cevd = (oavom)(0aas0)() .
0.100 M .26 M m = 0.03 +(.M
Nacl NQLSOAT
Va o
U (0] = (L2oM)(p.2300))_
U = 0.3a0, .M
+
Na er
S0

CN&' = (0.030b, M1 + (0.820,cM)(2)

((6Fa M

15

Gu 2015
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Example:(75 mL of 0.500 M Ca(NOs); ks adde

cﬂSS mL of 0.600 M NaCl.Find the final concentration of each

on. \
160.mL
C 21 - . B
(Ca™] = (0.500M)(FEmL) _ 0.23,,, M
160, mL
(N0 D = (0023 4 M) = 0.47M

B}

CRNitd = Cctmd = (0.600M)(85mL)

= O|3; M
160, m(_

Review Questions P.103 #95-102

9.8 - Concentration and Stoichiometry (P. 131 #17-24)

Practice:

1. How many grams of copper will react to completely replace silver from 208 mL of 0.100 M solution of
silver nitrate? Cw -+ Aal\]()~3 —> CuhN 05 “+ Ag
7‘3 208 ml
0.l00OM

0,208 »x OJd00msl o 1Cw  63.54 - .32
| L [Aakfl)s [ mol j

2. If17.5 g of zinc are reacted with phosphoric acid, H:POs, then zinc phosphate and hydrogen are

produced. If the phosphoric acid is a 3.00 M solution, how many litres of the solution are needed to

completely react with the zinc? 3Zn + 2 HSPO“ —_ an (Po“)?— + 3 Hz

l'-h'ss 5500 M'z
2L

| mel 2 Ha PO 1C
4. Zn X ek 4 =
25 9 oy ™ Tan " e = 00815 L

@=Q‘3 16

V=

Gu 2015
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3. What volume of 1.50 M silver nitrate is required to produce 15.0 g of silver when it reacts with copper?
The reaction also produces copper (ll) nitrate.
P prer(linirate D Aghly + Cuo - A4 < Cu(NOy),

I\
??M 1S.09
15.09 AJ % mol Dlég—&o—)’y ' L = 0.0423 L
39y 2 Ay 150 ml

4. A 10.0 mL sample of a saturated solution of calcium hydroxide is needed to neutralize 23.5 mL of 0.0156
M hydrochloric acid.

a) What is the molarity of the calcium hydroxide in the saturated solution?

Ca(OH), +2HCL — 2H,0 + Call_
[10.0mU 23S ml
2 M 0.0156H

0.0235L x 0.01F5kbmel x | CaloH),
Le L Hcl 0.0100L

= 0.0§3M

b) What mass of the calcium hydroxide is dissolved in 250.0 mL of saturated calcium hydroxide?

V= 250.0m(
= 0.0(55,M

0.2560L X 0.0183; mel v ?ﬂ‘% = 0.33956
—_ Mo
\ L

= 0\34-03
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5. 500.0 mL of a 0.100 M HCl solution is mixed with 250.0 mL of a 0.150 M NaOH solution.

a) What is the limiting reagent? HCl « NaoH — H;.O + Nacl
500.0mL  250.0mlL M
0.100 M 0.lsOM

Het: 0.5000 L % 0.100msl « L NACL |

160 = 0.06+M Nacl
L | Hcl o0 Fspo L

NROL: 0. 25D0L oﬁ%«o\x /lﬂ_ffc‘( % L = 0.0506M AiaCl

Since make less NaC| vt N&OH/ NiOH muH be l[mnlk‘rﬁ.

b) What is the concentration of NaCl in the final mixture?

0.6500M fran~ part 4)

9.9 - Solubility

Solubility: The _m_mmm_ amount of SL\!!A‘.&! that can be o|f;§ q!)L{A in a given amount of

solvent at a given temperature. Something is soluble if it can achieve 0.1 M or more at 25°C.

Practice: Use the Solubility Table in the Data Booklet to predict if the following compounds have high solubility

or low solubility in water.

Unit 9 Page 19

Compound Solubility Compound Solubility
Pbi low MgsO: hizk
Sr3(P0a); YV, Ba(OH). 18w
*CuCly hich CuCOs low
*CuCl o AgaS low
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Precipitate: an insoluble compound, often formed from a chemical reaction. These chemical reactions can be

represented in three ways:

¢ Formula equation: a complete, balanced chemical equation

o Complete ionic equation: shows all soluble ionic species broken up into their respective ions

e Net ionic equation: shows only the species which are actively involved in the reaction, removes

spectator ions

Type of Equation

nle A QD . =Ts = .

Equation

Formula

Complete ionic

QAGNOg gy + NCOy oy — Al + 2 NaM 0y,

QA,:\" +2NOT + aNat <« C0{T — Ag.Coi5 + 2N +2n

-

Net ionic

g'Aﬁ*btﬂ + COSL.U.)] —? A‘,‘hcos(t)
J M ’ Vv

Practice: For the following mixtures, write the formula, complete ionic, and net ionic equations.

1. MgS and Sr(OH);

Complete formula MO\8 + Sr(OH)‘._ —_— HS(OH\L(S)“’ SrS
Complete ionic Mq?—* “ 82_* SYI- £+ Q0 — Hj(UH)’ 4 SYU “« 82—
U [~

Net ionic

(
Mau + 20H” 5 Hg(ol—()z ()

2. CuBr; and Pb(NOs3)2

Complete formula C(LBY; -+ Pl,(f\j()})\l — C‘*(MU’,\:. + Pl BV',_(S,)
Complete ionic u_z* + QB + PB;H “+ QUO; - Ciﬂz—‘ - QMOJ- -+ P}aBrz(I)

Net ionic

2B~ + PRt —  PbBrs)

19 Gu 2015
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9.10 - Calculations with Solubility

Practice:

1. Find the final ion concentration whean.O mL of 2.0 M NaOH is reacted witIES.O mLof 3.0 M Ca(NO;]zl
L. ~ —
PYCCI‘N“&‘}C = CA(O'—”,_ 130.0mC

Ca¥ =+ 20H™ —  CalOH), )

tNet] = (2.0M(55.0mL) = [0.84 u |
130.0mL —
(hogd = (30MI(FS.0m)) T34 1
130.0 mL -

(Ca)= 34 /a= 13 M — 0‘84@1(‘%) =13 Ml

COH) = 0.84,M —> [6 M|

—

2. Find the final ion concentration when]@‘o mLofl.2M Mglz\is reacted witIYSO.U mLof2.5M LiOH\
N

—_—

_ 200.0m L
- _ . \/\.;—\_
[L\ 3 = (J‘GH)(SO‘O L) - lo‘éasHl 200.0 mL
200.0m( — Mgt T
u‘\-
(x) = (lam)svomi)a) NIEYR
200.0mL
Mg d = (lsM)z) = 090 M — (0.2 M)(3) =(0.STM
have +stal

COH )= 0.62cM — [oM |

20 Gu 2015
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9.11 - Conductivity (P.198 #6-8)

Conductivity: the ability of a substance to conduct electricity, or to allow the flow of ele&mm
Substances that allow the flow of charge are conductive.

A Diiied waler oo rct
o

In order to allow the flow of electrons, a substance must contain __[DN § . The more ions a substance has,

the l‘\lahg/ the conductivity.

Conductive Substances Non-conductive Substances

1. mef’al(;) Ionic Compounob s)

2 metal (2) pslar covalent compounds ¢5)

3. lonic compounds ()

polar covalent compounds (2)

4. 1ome compound (49)
— includes aud /bdre

5 polar [cgaiuzi ((j:mpbunﬂb(q)

all non-polar covalent componnds

Practice: Circle the more conductive substance.

1. 0.5 M NaCl
2. @ 0.5 M CaCl,
3. CH30Hy) CH30H3q)

aq

5. 2MLicl @M Mgl — releoses 3 oni stal per Mafl,_
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