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Concentration by percent

weight/ weight <wt (y) B wt solute (g) B wt solute (mg) « 100
wt °/ ~ wtsolution or sample (g) ~ wt solution or sample (mg)
Weight/vol wt wt solute wt solute (m
clightivolume (—%) - _ ®) x 100 = _ (meg) x 100
\% V solution or sample (mL) V solution or sample (uL)
Volume/volume (V 0/) B V solute (mL) B V solute (uL) 100
v °) ~ V solution or sample (mL) ~ V solution or sample (pL)

Solution=solute+solvent

el el a (alRall ) 3 gadll o) Jslaall axa o) (5 : DR |

(solutetsolvent) % Solution ¢+ alall ¢S5y

solute olda Jadd o) ¢y o<y
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Example(1):-Calculate the weight percentage of solution prepare by mixing 5.0g AgNO; with 100mL water (density
1g/cm’).

Solution:

ml= cm3

Density =

volume

Density =1g/cm’= 1 g/ml
‘._.“J\.'.'JLS (%AA\);LJ\ 008 e Jsanll Cany

1g  wt
volume ml ~ 100ml

== wt=100g

Density =

el O g +eldad) O is= Jsbaadl O s
AgNO; iy + sl Gy = dsbaadl s
105 g =5 +100 = Jslaat) o s

Wto,| — _Wisolute (g) wto,\ _ _ wtsolute (AgNO3)(g)
(wt /0) wt solution (g) x 100, —_— (wt A)) wt solute+wt solvent (H,0) (g) x 100

wt 8
(_%>== 2% 100 = 4.76%
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Example (2):-Calculate number of grams in 500 mL silane solution (wt/v % = 0.859%).
Solution:
OJs=number of grams

= x 100
V solution (mL)

t NaCl
wt Na (g)><

\'

<wt ) wt solute (g)

Example(3):-Calculate the weight of glucose in litter solution(wt/v % =5 %).
Solution:
L=1000ml

wt wt solute (g) wt glucose (g)

— %)= 100 = X 100
< \Y A)) V solution (mL) V solution (mL)

504 wt glucose (g)
°~ 71000 (mL)

ol _5x1000 _
wtglucose = — " —=50g

x 100
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Example(4):-Calculate the volume percentage of solution preparing by mixing SO0mL methyl alcohol with 200mL water.
Solution:
JeaS s sla gia O G 5SH Gudall Ua
JeasS+ela =(aliall) culall IS aaa
da 250 =200+ 50 =cuiall IS aa3a

(V (y) B V solute (mL) 100
V") ~ V solution or sample (mL)

B V methyl alcohol (mL) 100 — 50 mL « 100 = 20Y%
~ Vmethyl alcohol + V water (mL) ~ (50 + 200)mL -

Example(5):-calculate the volume of ethanol in litter solution consists of ethanol and water 0.9%(v/v%)?
Solution:

L=1000ml
<ch> _ Vethanol (mL) « 100
v’} = Vsolution
B V ethanol < 100
~ 1000mL
0.9x1000
Vethanol=— =9 ml

100
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Concentration in parts per thousand or million or billion

88/ OJs
wt(mg) wt(g)

) " d (opD (wt> ~ wt solute (g) 3
part per thousand {ppt | T | = W solution (sample)(g) -

wt(g)  wt(kg)

_ wt(pg)  wt(mg)

wt solute
(8 « 106

— wh,
part per million (ppm) (wt) ~ wtsolution (sample)(g) wt(g)  wt(kg)

_wt(ng) wt(ug)

wt solute (g) 9

- - Wt —_—
part per billion (ppb) (wt) ~ Wt solution (sample)(g) wt(g) wt(kg)

wt(mg) wt(g)
V(mL) V(L)

) " d (op0) (wt) ~ wt solute (g) 103 =
part per thousand (ppY {3 ] = y solution (sample)(mL) -

wt (pg)  wt(mg)
V(mL) V(L)

wt

part per million (ppm) ( v

) B wt solute (g) 106 —
~ V solution (sample)(mL) B

wt(ng) wt(pg)

wt solute
(8) 109 =

L wty
part per billion (ppb) ( Vv ) ~ Vsolution (sample)(mL) V(mL) V(L)
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s /s
\ANE wt solute (mL) 5 V(L) V(mL)
part per thousand (ppt) (V) = V solution (sample)(mL) < 1* = V(mL) = V@)
L Vy wt solute (mL) 6 V (nL) v (nL)
part per million (ppm) (\7) "~ Vsolution (sample)(mL) x10° =y (mL) V(L)
L Vy wt solute (mL) oV (pL) v (nL)
part per billion (ppb) (V) ~ Vsolution (sample)(mL) 107 = V(mL) V(L)
i) | Kg=1000g ¢=1000 mg mg=1000 pg ng=1000 ng
g=10° pg g=10" ng
axall | L=1000ml ml=1000 pL pL=1000 nL nL. =1000 pL
L=10° uL 1dL=100 mL 1dL=10" pL
dL=deciliter pL =Picoliter nL =Nanoliter
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Kg=1000g g=1000 mg mg=1000 ng | ng=1000 ng

L=1000ml ml=1000 pL pL=1000 nL. | nL =1000 pL

G/ OJs

g 3
ppt = —x10° = —
g

g
ppm =

g
8

8
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Common Units for Expressing Trace Concentrations

Unit Abbreviation witfwi wit/vol vol/vol
Parts per million ppm mgikg mg/L pL/L
(1 ppm = 107 %%) pele g/ ml nlL/mL
Parts per billion ppb relkg re/L nlL/L

(1 ppb = 1077% = 10~ ppm) ngig ng/mL pL/mL*"
Milligram percent mg% mg/100 g mg/100 mL

“pL. = picoliter = 10~ 12 L.

_—A 2.6 g sample of plant tissue was analyzed and found to contain 3.6 pg zinc, what is the concentration of
zinc in the plant in ppm? In ppb? In ppt?
Solution:-

wt(pg) 3.6pg ng
= = 1.4—=1.4 ppm
wt (g8) 2.6g g

ppm =

wt (ng) 3.6 x10°ng
wt(g) 2.6¢

n
=1.4x 103Eg = 1400 ppb
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o o,

6
g=10" pg )
wt of solute =3.6x10" g
wty wt solute (g) wty wt solute (g) wty wt solute (g)
(ppO) (ﬁ) ~ wt solution (sample)(g) x10° | (ppm) (ﬁ) ~ wtsolution (sample)(g) x10° (ppb) (ﬁ) ~ wtsolution (sample)(g) x 107
wy 3.6x10 °g wty 3.6x10 °g
ep0) () = =55 g < epm) () == 5 g <1 wt, 3.6x10°°%g
O g
=0.00138 = 0.0014 ppt =1.38 = 1.4 ppm
=1384.6 = 1400 ppb

_A 25.0 pL serum sample was analyzed for glucose content and found to contain 26.7 pg. Calculate the
concentration of glucose in ppm? In ppb? In ppt? and in mg/dL.
Solution:

_25.0(uL)
_——

ml=1000 pLL
- 1000 (1)

= 0.025 (mL)
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_wt(pg) 26.7 (ug)
~ V(mL) 0.025 (mL)

ppm

=1.07 x 103 (%) =1.07 x 103 ppm

(ppm, ppb, ppt YA 43, L, FENN

g=10° g mL=1000 pL
wt of solute =26.7x10° g
volume of sample= 25x10" mL

wt) 26.7x107510 g

B wt) _26.7x107°10¢g
V) 25x103mL N

wt) 26.7x107510 g
v 25 x 10-3mL

—) = x 10°
\"% 25 x 10-3mL

(ppt) ( x 103 (ppm) ( x 10° (ppb) (

=1.068 ~ 1.07 ppt =1068 ~ 1070 ppm =1068000~ 1070000 ppb
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mg=1000 pg

1dL=10° pL

—

—

_ 26.7 (ug)
mg
1000 (1)

25 (mL)

wt (mg) 0.0267 mg

= 0.0267(mg)

=—7— = 0.00025(dL
100000 (5h) (L)

V(dL) 0.00025dL

= 106.8 mg/dL

Homework: What weight of Na,SO,in 9 L of a solution that is 60 ppm?

Solution:

ppm

Wt. m
B, 100 = 1B _ e

V ml mL L

Wt
60 (3 = 5.

Wt= 540 mg
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_ A 3 mL sample of wastewater was analyzed and found to contain 2.5 pL of Cd"?, what is the concentration
of Cd" in the wastewater in ppm? In ppb?

Solution:
V ml nL nL
= X 1 6 = — = —
ppm = o x 100 = o= 1
pL=1000 nL

2.5%1000= 2500 nL

_ V(nL) 2500 nL
~ V(mL)  3mL

nL
= 833.3 — =833.3
ppm mL ppm

b = le><109 _ pL _ nL
PP® = Ymi ~mL L
ml=1000 pL
——=10.0025mL
1000 0.0025m
vV ml 0.0025

ppb = - x 10° = x 10% = 0.000833 x 10° ppb



Analytical Chemistry  Lecture 4 Dr. Ruba Fahmi Abbas
o o,

mL=1000 pL

volume of solute= 2.5x10” mL

Vy V solute (mL) Vy V solute (mL) ! B V solute (mL) 9
(ppt) (\7) ~ Vsolution (sample)(mL) X 10° (ppm) (V) "~ Vsolution (sample)(mL) X 106 (ppb) (V) "~ Vsolution (sample)(mL) x 10
v_2.5x10 " m v_2.5x10 "0 m L
@po () = 3 mL 8 o) () = 3 mL 8 vy 2.5x10 "mL__,
(ppb) (V) = 3L X 10
=0.833 ppt =833.333 ppm
=833333.3 ppb
Exercises

1. 50 g of a 26% (w/w) solution was mixed together with 130 g of a 17% (w/w) solution. What is the
percentage concentration by mass of the new solution?

2. What volume of water must be added to a 125 mL solution of ethanol to change its percentage volume
from 40% (v/v) to 35% (v/v)? Give your answer to the nearest whole number.
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The relationship between molarity, normality and part per million

ppm

M = Mowt x 1000
ppm

~ Eq.wt x 1000

Example(8):-(a) Calculate the molar conc. of 1.0 ppm solutions each of Li* and Pb".(b) What weight of Pb(NO;), will have
to be dissolved in 1 liter of water to prepare a 100 ppm PB(NO3); solution.(A.wt pb">=207g/mol, Li'=6.94 g/mol,

N=16g/mol, O=16 g/mol)(Mwt Pb(NOs),= 331 g/mol)

Solution:
m
M = pp
M.wt X 1000
(a)
M+ = 1.0 = 1.44 x 10~* mole/L
Li* =694 x 1000 mole/
1.0 .
Mpp+2 = =4.83 X 107° mole/L

207 x 1000
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(b)
L=1000 ml
100
M = oo = 0.000302 mole/L
wt 1000
M= Mwt VvV (mD)
wt 1000
0.0000302 = o x — 0 wt = 0.0999 gm Pb(NO;),

Example (9): Calculate the molarity of a solution of Pb(NO3z); to prepare a 100 ppm solution? (Mwt Pb(NOs),= 331
g/mol)
Solution:-

N bpm
M.wt x 1000

100

. _ 4
= 2311000 3.02 x 10™ mol/L
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Example(10):-The concentration of Zinc ion in blood serum is about (1ppm). Express this as meq/L? (Awt Zn"=65.4

g/mol)
Solution:-
A. 65.4
Eq (Zn?)="2= 22 = 32,7
N = ppm
Eq.wt X 1000
= bpm = 1 =3.06 x 107° Eq/L

A.zwt %1000 32-7 %1000

Eq=1000 meq

=3.06x 107> x 1000 = 3.06 X 10~2 meq/L
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The relationship between molarity and normality with percentage concentration

A Bia fgilal) ul Jual gﬁ LS 0 538N i 5 Bk 0 A gall 0638 Jia s A 0 gl Leday ) (S WV %% dugisall Al
wt 1000

M= — X —
\"4 M.wt

Example (11):-Calculate the molar concentration for 0.85% (w/v %) sodium chloride solution.(Mwt NaCl = 58.5 g/mol)
Solution:-

0.85%(W/V %) =7

wt 1000
M — (g) o
M.wt VmL

O 5 Bale

wt 1000
M= 7 X M.wt
_ 0.85 1000

100 585

= 0.145M



Analytical Chemistry  Lecture 4

Dr. Ruba Fahmi Abbas

Example (12):-Change 0.1M of NaClto (w/v %) ? (Mwt NaCl = 58.5 g/mol)

Solution:-

wt 1000 wt
0.1 mol/L =—X T
A% 58.5m \%

th % =0.00585*100=0.585%

_wt(g) 1000
~ M.wt  VmL
wt 1000
M= 7 X M.wt
01985 _0.00585g/L
1000

GOl Gl i Bale)

Lyg'sal) dpel) e J pnll 100 (b L e Tl 028
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Ja1' R

Jisadl AWy W e 9 KIO3;, Pb(NO;),, NaCl Jie g3ly W 2 9 K, Pb™, Na¥, CI' Jie ciligy) Jiigead) B 8313
a9 09 M s ppm
2 AU Jaadeailly Jad) aie AN () g8 Jantiadd

-1
ppm

T M.wt x 1000

4 ¥ ga J e A 22

wt 1

M =Xy (L)

3
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Example (13):-One liter of a 500 ppm solution of KCIO; contains how many grams of K'? (Mwt KIO3=123 g/mol, K=39
g/mol)

Solution:-
m
M — pp
M.wt x 1000
M ___ 000 — 0.00406 mole/L
KCI03 = 753751000 mole/
KCl0Ox; » K + ClO3
0.00406 M 0.00406M
M _ wt o 1
T Mawt V(L)

000406—Wt><1
' 3971

wt=0.158g K*
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Example(14):- What weight of PbCl, will have to be dissolved in 2 litter of water to prepare a 150 ppm pb > solution.(A.wt
pb *=207g/mol)(Mwt PbC12= 278 g/mol)

Solution:
m
M = pp
M.wt x 1000

M = 150 = 0.00072 mole/L

Pb+2 T 507 %1000 mole/
Pb™ » PbCl,
0.0072M 0.00072M

M _ wt N 1
PC2 ™ M.wt ~ V(L)

0.00072 = wt ><1
' 2782

wt = 0.40032 g PbCI2
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Example(15):- You want to prepare 1L of a solution containing 1ppm Fe™*. How many grams ferrous ammonium sulfate,
Fe SO4(NH,), SO4.6H,0, must be dissolved and diluted in 1L?What would be the molarity of this solution?(Mwt

FeSO4(NH,),S04.6H,0 = 392 g/mol)(Awt Fe?=56 g/mol)

Solution:
m
M = pp
M.wt X 1000
Fe+2 = 51000 0.0000178 mole/
Fe™ , FeSO4(NH,),S0,.6H,0
0.0000178M 0.0000178 M
molarity of this solution is molarity of FeSO,4(NH,),S0,4.6H,0 = 0.0000178 M
wt 1
MFeso04(NH4)2504.6H20 = M. wt X V@)

1

0.0000178 = wi X
' 39271

wt = 0.00699 g FeSO4(NH4)2504.6H20
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Example(16):- How many grams MgCI2 should be weighed out to prepare 3L of a 175 ppm solution of CI" (A.wt CI’
=35.5g/mol) (Mwt MgCI2= 95 g/mol)

Solution:
m
M = pp
M.wt X 1000
M = 175 = 0.00492 le/L
C- 355 x1000 mole/

0.00492 M Y
] Xl

0.00492
Y=

= 0.00246 M MgCl,

M _owt o 1
MeClz2 ™ M.wt ™ V(L)

0.00246 = Vi 1
' 9573

wt = 0.7011 g MgCI2
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Problems

1. Change 0.2 M of FeCl; to (w/v %) ?
2. Change 0.2 M of Fe,O4to (g/ml) ?
3. Calculate the molar concentration of 1 ppm solutions of each of the following?

a) AgNO; b) AI(SOy); ¢) CO, d) HCIO,
4. Calculate the ppm conc. of 2.5x 10 M solutions of each of the following?
a) Ca" b) CaCl, ¢) HNO; d) KCN

5. How many grams NaCl should be weighed out to prepare 1L of a 100 ppm solution of (a) Na* and (b) CI
6. Calculate the weight percentage of solution prepare by mixing 3.5 g CaCO; with

a) 50 mL Acetone (density 0.789 g/cm’). b) 200 mL Chloroform (density 1.45 g/cm’).

7. A 2.5 gof AgNO; dissolved in 50 Kg water calculate: a) wt/wt% , b) ppm

8. A water supply has 10 ppb of arsenic. How many micrograms of arsenic are in 500 liters of water?
9. Calculate weigh of Pb in (g) for 400 (ng/g) which contain 0.24 g glucose solutions Sample?
10. A 2 kg of rock stone contain 0.005 g gold. What is concentration of gold in PPM, ppb, ppt?

11. What is the concentration, in ppb, and w/w% if 0.025 ng of KCl is dissolved in 100 Kg of water?



