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ST SuMMARY- o ) Page‘j;__; of _77
. . ModuTe No: . ;'Modufé Title: o : \ ’
S , o .
e j ghemistry for Operators ) .
. " Submodule Titles: - z
‘ Approx. Time:. f _ - _
R Introduction, Compounds, Chemical Equilibria - \
5 _ #hours , . , . S
o , ‘ ' Solutions, Chemical Equilibrium I, Acids & Bases, Solubility
: - Equilibria , D . v
3 - - ’ oo : ! . v .
- Objectives: = [ - - |

.Upon completion of this module the participant should be able to describe the
basic structure :and types of matter, .identify .compounds and recognize their
“various attributes; ‘examine chemical equations and reactions, relate all the
various aspects of solutiogs, explain chemical equilibrium, éxamine. acids and

K3

bases and th§1r usage, and explain so]ubiTity‘equilibrium;

/ o .
, Instructional Aids: ™ = < =
Singer SVE-fTinstrips’ , e T -
Handouts o 7 y
. pH'meters . o T - 4 —* ]
Titration equipments . < - . . )
’ 1 p: i e— A RN . o ‘. .
Instructional Apprdach: . R . .- .
. P | . ) ~ . . s ‘<
3. Lecture’ ; .
Discusgion L ; '
Filmstrips g A : o \
In-class_participation -~ * e o \Y_ >
i ﬂg?éreﬁhesg T — — '
- .‘ . . : . . , ,‘. . ! .
»  Chemistry Made'Simple, by Fred C. Hess. | e

. ¢ ChemisEry Tor Laboratory Technicians by, Stanley Cherim.
Manua! o7 Instruction Tor Sewage Treatmént Plant Operadors, by Health Education
s . yervice' . ; A oL 7 L ‘
N : ~ " Chemistry for SLnitary Engineers by Sawyer and McCarty - -
» . ““Instructional Development Workshop, by EPA, Utah State University.
‘ infroduction. to] Chemistry by Turk, Meislich, Brescia, Arents .
Analyticall-Chemistry by Pietryzk and Frank = - N
- Modern Chefnicdl] Technology by Chemical -Technician Curriculum Project . '
v -otnger SVE FiTmsirip Series (Chemistry) by singer .

25 ¢ - B .
*

Class Assigmments: - R Ce e T
. 1 ¢ o - ‘—, e - - r“‘ . - P . »
Y - Reading.and problem assignients-as shown jn module
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R
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Modulé No:: - | Module Tigle: .~ - B
. "Chemistry' for Operators™™ - : .
’ , - - - - opene - .’ 4 r. h N
: Submodute Title: - . T
| Approx. Time: ,Iqtroduetion' ‘ ' S ﬁ
o Topjc: - . . i
% hour ¢ . Peéépectives ’ _ . s
Objective3°~' '. P ‘ ' e ». .

. .
N

Upon comp]et1on of th1s m0du1e, the part1c1pant should be ab]e to:

1: Def1ne each of the fo]]ow1ng Chem1stry, chem1ca] propegt1es, chem1ca]
change.. :

2. Describe how chem1stny 1s used in water and wastewater treatment and the
significance of* dhem1stry in water and wastewater analysis.

%

»
Instructional Aids: - '
- N o . A ' . . '\.. ) .::« R
- .. . / e
N i { ) ! ",. }'. ! ﬁ ’
. . > A
-'-\'. . d
= A S
Mns tructiona) Approach / @
HX ' . % oo . . /
References: L : BRI
- ‘¢ M . N Co Loc,
Chem1st:§ Made S1np]e,,Fred C. Hess, Doubleday’ and Company, 1955 .2 ; ’
Chem1stny for Laboratory Techn1c1ans, Stanley Cher1m, w B. Saunders’CU” 1971
. . ) . . . s . ) . - v’ ) ‘¢
- . ‘tﬂ‘ . . . . . o . : , .
Class Assignﬁ@nts:' . ’ P ’ .
Read PP. 1 1%16 Chem1stry Made imp]e : o . o L
L ‘}% ‘ \ S BT A ) ’
- . R 1 s R , a [
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HoduTe .Ho: Topic: | *- » .. - A
- L Perspectives . - . '
"‘t }hstructar‘ﬂotes: R ' Instructor Outiine: - . ° o ' )
\>~ »l' ) . C"‘ ’ ’\\.' . .0 , N
. Pp. 9 '~ 16 Chemistry Made Objective 1 - Definitions
T Simple - Introduction ' . ‘ \ é .
‘ " L, a. Chemistry |should be presented & a branch
PP. 65 - 69 Chemistry for of science\that deals withythe composition
"-Laboratory Technicians*- | . . of matter add changes in forms of matter. -
Matter ) “] - e
.. ] h. Chemical properties are identified as a
L ‘ 7| * . listing of.all the chemical reactions- |
of a substance and should be distinguished
y from physiga].properties: g -
N X c. Chemical ‘change should bé described as-a
/ ) ) change from one substahce to another. For
- . example, burning carbon compounds ,« under
. _ . oxygen, produces carbon.djoxide as one
) . . . sproduct: This can be -used to indicate
! chemical—change and a type of reaction.
t . ‘ ~} "~ Emphasize that chemical change involves
) Y. .o - a change from one substance to an entirely
) new -one and not a physical change, as in!
‘ _ ' water freezing to a solid form.-
Objective 2 - Significance -of Chemistry
. \/ . " . “. 3 ) P ‘.- . ?
P ' A sort of overview of chemistry applied to
. . > : wastewater treatment. Give examples where . .-
' chemistry may be used such as in coagu]at%on, °
chlorination, softening; and‘in Taboratory ..
. . . - ., analysis. <A lab example could be pH measuréments
. e .. describing that pH actually measures the hydrogen
T . . .| 1on concentration in water solutions. -
To- x ' " ) !
L B ‘ ;
3 . » h
_4 ". -
<. ) '
ra ﬁ Y N L l - ;
. _ o i h 5 - \\ \
s ! 3 ’ \' ~ ¢
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( . | Module Ho: . Module Title: = - % i , ~
‘ , ; 1 Chemistry for Operators ) ] ‘ '
. ~ . Lo Submodule Title: = . ¢ - BN - .
' - : A Introduction, ) - , . q
Approx. Time: . > :
- . Topic: )
. -.H . . - ./ . -
2 hours . Types of Matter - Chem1ca1 Terms .
_ .| Objectives: Upon completion of this module, thé part1t1pant should pe able toT™
SR 1>~ Define each of the fo]]ow1ng Matter, substances, compos1t1on of matter, oo
elements, compounds, mixturés, symbols of ‘elements. |
2. Explain that elements are the basic constituents of matter and that all .
~  -elements known to man are found on the periodic table. .
»3. Name 10 eormon elements encountered<in water and- wastewater and write their ;
. « symbols. A
4. . Distinguish between a compound and’ an e]ement and recognize tbat compounds
. are more -abundant than e]ements - - ——, o’
; ' . v . "\ i ’ . .\ o S
R Instructj%nal Aids: . - .: . . f ~ - . . .
_ - . Sinber SVE ?i]mstrip‘= E]ements,.compounds and mixtures & ¥ ',I .e j'
.o, ¢ ‘ - e - : 4~
Singer SVE Filmstrip -*The periodic. system >
P ! “ ) — S . e r - ’ . )
Instructional Approach S, (\‘ " o ' . : R f "'
. Discussion - ]ecture ‘ . ' L AN
-« | Filmstrip - -A 493-8 T Ty
Filmstrip - A493-2". ¢~/ . - o :
- ." . . . - *~ :. ,. -Q‘. . 7 ’
- - < b —— < ‘
References: = - e ‘
A Chemistry Made S1mp]é Fred C. Hess,~ Doub1eday and Company, 1955,
. “Manual of Instructaon for &gyage Treatment Plant Operators, Heal th’ Educat1on
S s " Service g
o= Ghem1stny for Laboratory Techn1c1ans, Stan]ey Cher1n1 }B B. Saunders Co., 1971.
. ro - A
p T ’ - .
: - "‘Class Asswgnnents e co Y =
. ;k Read PP. 16 - 18 Chem1stry Made S1mpLe
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Module Ho: Topic: - ’ N >
- , I L. "':Q‘.’ . . ..‘ P
T Types of Matter - Chemical -Terms C e
- | Instructor Notes: .7 *{ Instructor Out?ﬁne: . ST T '
R Jd e - : o
s "'?;0 l"Objective - Definitions . |
"pp. 16 - 18*Chemistry. Made . ~| a. Define matter‘énd explain that\cypes'of ' f
Simple - Chemical Progerties - matter are differentifated in terms o ]

_ . propefties., . - . . ]
Fig. 12,.P. 27 Cbemistry.Méde’ b. Sugﬁtanées are ‘a definite variety of matter -
Simple ' LT : and egch specimen has the same properties.

c. Composition of matter relates to the fact
that matter is./made .up of pure-substances,
" elements, or cgmbinations’ of substances,

‘ compounds’. ~ ‘ e
-1 . ) D . cde E]emehts”are the bui]ding'b]ocks of matter,.
. ' . ] . the basic constituents. Define elements :
by their chemical symbols ‘and give sevqr31.
- examples. Compounds should be .described -

- L m3S Pure substances composed of chemigally \
, .combined elements., Poiftt out that _ =

compounds can be decomposed - ints eleménts
e . only by ’some ‘type of chemical change. - '
P Explain mixtures*as a continuation .of o
, oot ‘'substances held togather by physical. *ather .

"3 : N *than chemital means.

?

-

- ) R ?_ Qb%ective 2 - Elements, periodic.tab]e
- Y . - . . .,,. ) A Lot ‘e q ‘ . . /. - . i
P; 93 ~ 99 Chemistry for . * .The periodic [table should be rehfeséntéd'ﬁﬁ'a, o
1 Laboratory Tethnicians « i ‘table of the plements, and identi-fy groups, and '
‘;Periodic chart T periods. * . . L ’ ) '

: "5 - --_' :r . .o, . i
- 1. Objective 3 - Common Wastewater E1emenf§:’zl
P. 222; Table 11, Manual of - Aésociate'e]qmenté with their symbols, “List N
Instrictiop for Sewage Treat- \ about 15 involved in-wastewater and discuss . .
ment Plant Operators’ ' where they are encountered. N o
U | Objective®4 =—Compounds and Elements = B
‘ - N 2 RS W e
P. 18 Chemistry Made .Simple, 1 Give several examples of comppunds by writing )
. Compounds - ' their chemical formulas. Combounds arid e]emenﬁiti
' . e e e should be differentiated by formulas and symbol
‘. . . + Compounds are mucht more abundant ‘than-elements. =
o . and as“elements combine to fopm*-cogpounds - the .. -
¢ * S elements lose their individual.properties, and
A o b Te— Lo S e e

~ -

. . :
. . 7 ) e . . . WSS
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Page: 6~ of 77
TOP]C- [N w - " " -_ *

Types of Mattér - Chemical Terms - Cont. ,

Instructor Notes:

e
—re

JInstructor Outiine:

’ \
-~ - —
4 .
. * - . .

"

is created. Indicate also that some ‘elements
may combine with- themselves to form compounds
such as chlorine molecules combining to form
Cly. .o

1 a new set of probe;tfes unique to the compound -

¢
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Module Ho: (fodule Title: . .

Chemistry for Operators

‘\f,.‘l"1 :‘F.

Co Submodule Title: L o oot T
K Introduction < - - |
Approx. Time: - ; ‘
_ > 71 Topic: S , ¢
lg,h?urs Structure of Matter . " o

ObjECt1V953 ‘Upon completion of this modu]e, the participant shou]d be able to:

i. D1fferent1ate between an element, atom, e]ectron proton neufron 1n terms
of electrical charge. .

.2. INustrate that atoms of elements have a centra]§?core ca]]ed the nucleus

- consisting of protons and neutrons and electron§’orbit the nucleus at

o’

{Class ASS1gnnnnts

Chemistry Made Simple, Fred C. Hess, Doub]eday %nd Compény, 1955
Chem1strx¥for Laboratory, Techn1C1an§, STan]ey Cher1m, W.7B. Saunders Co., 1971

\__‘ . N ot ,//\.

] . -

. relatively large distances in distinct shells. - )
3. - Inditate that electrons .in outer shells are ihvelved w1th chemi cal
react1on and it is these electrons which determine the charge of- an atom.
4. Explain that\a positive charge balances a negative charge -and 2 negative
« charges balance 2 positive charges etc. -~ . N
- 5. Define atomic weight of an element. =
‘6. Given the ber1odﬁc chart find the symbol for ca1c1um, oxygen, chler1ne,
fleurine, magnesium and their respective atom1c we1ghts
- N l o~ v N -
Instruct1ona] Aids: R R S . -
S1nger SVE F1]mstrﬁp = Grqup 1, Atoms, mo]ecu7es, and jons | ) . \Z“
Instrugtional Approach: = | I ] | ‘
"Discussion ) ) . , ‘ i B
Filmstrip - A 493-1 ¢ . . - e
kN L * ’\ L'.
N . # N
References: ° S - |

3

Read PP. 23’ 30 Chem1 stry Made S1mp]e

.
-
7. . . .
N -
b
- - .
.

fs
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Module No: A .Topeem - R . .
‘ 1 Structure gf Matter - ] B e
A A rY - - N _ - -
Instructor Hptes: ¥ 4 Instructor Out’ ine:. .
Objektives 1 and 21— Bohr Model T \\\\
P. 23 - 30 Chemi$try Made " | Basically describe, by- i1lustration, ‘the Bofr |-
Simple, Structure .of Matter ~model "of the atom and emphasize that electr NSy
. . ‘ protons, neutrons’are the bas'ic particles of
/ . an atom: Elements are composed [of atoms. |
| Piscuss-the electroneutraility elements.| -
: Briefly describes atomic number. . .

Atomic structure

Tp. e - 88 Chemistry for
Laboratory Technicians -

Objectives 3 and 4 - E]éctrpnéutra]ify Shel

1s &
Charges ’

Discuss .electronic shells of atoms. and emphpsize
: thathelectrons in the outer shell(s) are i volved
in_chemical reactions or changes. .Discuss
.. | balancing .of charges. ' A |
,ngect%ves 5and 6 - AtomiCQWeight
©a .\ . T |
. Atomic weights should be descrihed by using the

periodic tablé. Several examples of chemigal
- "y | names, symbols, and atomic weights should
) given. AtomiC weights aré relative but ma

X introduced i, terms of grams, gram-atomic weight,
_quantity of an element. . - N
- ’ # ’
1 o
A\ ]
: i
N
v L
Cdhd ¢ Y L]
C: -
. AN
) .
—— > -
] - &
[ ) ~
_ 14
/ . /
. . 't ,‘ .
. )i
§i l
. “ !/; '
' - s:- “~ L | 3
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.+, —{Module No: Module Title: . \ ’ :
. ‘ e o ' Chem'ish"cy: for_Operators . C b
o ~ / 's_ubmodule' Title: - . ] ’ | a
F pprox. Time: Co’mpounds . v . )
- : ¢ Topic: oL B )
Ls hours - ' Valence : . .
. '. £ . Pl e '
i iObjectﬁes: . T s .
- 'Upon comp]etion.of £his module, the p’\articipant should 'bé able to: ‘
1. Illustrate that -the e]ectrons' in the outer shells '(generaﬁy) of the elements .
can transfer between elements to form compounds. . ’ ) ’
- 12.. Describe valence and identify the valence number with periodic table groups.
3. Given a 1i t of compounds and(/ionS«of these compounds identify the cations
and am’oﬂfs/'s. S a
4. Define radicals and 1ist 8 encountered in water and wastewater.- ' _-
. . 5 . [} M j
- be - ‘,. - ] &‘ -
Instructional Aids: 7 .
== . |Handout No. 1 s B / .
. / o s
= . ) ‘ - ’~ ‘- = ‘ L /
. g Instructional Approach: . L
s - . - ‘\
; 'Discussion & . ” .
Practice finding valence, in-class N /
- . . ’ A, ‘ / . »
o ) 4 N k.‘ D oind ” i / . e
- < R o ’ o, B L ' ;
. = \ |Refere es: . ) - Hoe ! g
. | Chemistyy Made Simple,” Fred C. *Hess, Doubleday and Compahy, 1955. - A
g Chemistry for Laboratory Technicians,, Stanley Cherim, W. B. Saunders Co., 1971.
Manual of Instruction for Sewage Treatment Plant.Operators, Health Education
| -~ Service RS . . . ot
| o s -
1 : — - 7
| . + 1Class Assignments: SR P ?, T
? Read PP, 32 - 37 Chemistry Made Simple- .
| o Read Handout:. . . = = !

4 i

I
f

11 | - S
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Module Ho::™ . *+ ], Topic:'« . 0 o g
' ‘Valence . .
. = s S e

o

Instrqctor Notes;.

N A

'_lgs;ructOr Outitne:

~

oy ) .
P. 32:- 39 Chemistry Made -

Simple, Valence.*

P. 99 - 106 Chemistry for
Laboratory Technicians -
Nature of the Chemical Bond

P. 272 Tabdg 11, Manual of

-Instruction for Sewage
Treatment P]ant‘Opera§ors

¢ .

Objective 1 - Outer Shell Elestrons o

e

Describe the process of jon formation in detail.’.

*|. Definé it-as

+8 transfer of electrons oran

-shells in. atoms wil) need

Electrons in ou§er
to be re-examined. *

el N .K\Jﬁ electrovalence process.

~The participant will not need to work out each
ion pair formation, but merely understand the
sProcess since valénce will generally be- "3
‘| Jmemorized or found according to'periodic - T
“table “groups. - Fhe-sodium chlorine example ’
serves to explain the electron exchange “process

and-the production of ~bns. . .

S

i <
bbjeétiue 2 1'V51ence ‘ . ' .
Describe valence nymber as the-nuhber,ofﬁ- ‘ R

|| &lectrons ,of the element involved i the .

formation of ‘a compound. Give the general .

ruTes in determinring valence number-of. an .

" element according ‘to periodic table groups. ,*

" Indicate that valence No. 6f-an ian is - .

-numerically equal: to the charge on the ion, =
positive Yons have_positivé_valence numbers,
negative jons-have negative valence numbers. °
Give several examples. Briefly describe_ .
coyalence,: and differentiate between T

. electrovalence products and covalence: products.

‘Define molecules -and note that they are present

¥ only ip covalent compounds. . ’

: “~ ‘v L. E o .. .
Objective:3 ~ £ations and Anions ‘-
. N - \ .

Describe cations and anjons and give several

examples common to wastewater. The importance - .
“of.ions .in solutions could-be related in terms

of laboratory-testing. pH is a measuremeént of,

hydrogen ions, hardness measires cdlcium and =~
* magnesium ions, ‘the irpn test measures iron ions, .|

arid frée -chTorine measures’ chlorine ions. Indicate
~that_ some compounds when dissolved in Splutions, -
may dissolve into their <ompopent catjghs.and

.

ﬂ' anions. Litt several examples and~§i}ustra§g .

how ions are représented.

. . ¢
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; T . B PR
_ {ModuleNo:. . Topic: K
: . Valence -.Cont. - o S ' ’JV°/~ , : .
‘.-\ / R iy ,N — ' » - = ! ¢ v
Instructor Wotes: Instructor Outiine:; - - . L
.. ~ . I '.4 : \. N - .
. . s ' . '
N Objectivedd < Radicals , ¢ .
. ) .I . " - ! ¢ ' ’ . .
Hanngﬁ No. 1 Define: radicals as chemicalcompounds.or * \
X . 2! clusters ¢f..elements which behave as if
o | they were a single element. List several .
S radicals and their respective valence and .
<o ’ ' Jndicate that they will always occur as such 8
J ' apd-muSt be learned Gndividually through® . . .
o ' epeated Jlse. S
' . - /, s * e
Q Q o A
- 2 N P .
. ![ T " « s % . : > .~ -
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< - _[Medule ho: - 71 Module Title: L .
N s 3 . . R . ) .
: o » f‘éséﬁnChemistry for Operators
1“.‘;-’ — / - -
N o < FSubmodule Title:. . -y
N ' . N .- M N ) ]
S : L. Compounds - . oo
. * |Approx. Time: . |~ " . . K : ) ' !
-7 L Topic: ~ B N - ’ e
) " | 1 hour T . ) .
L , .o Nomenclature . . ' \
A4 . 7 4 v . e
Objectives: - N
[} * .

..} Upon completion -ofi_this module, the particjpant should be able to:

"y~ | 1. Name 10.compounds used jn water ang wastewater treatment and find their N
S v formulas. - "C, : o '
_ 2. Indicate the use of valence when making compounds and how sGbscripts are
« . used in formulas.to balance charges. ' . :
- 3.  Name 5 hardness ‘causipg-divatent—cations and their 5 common anions and mak
R A compounds from these.” *» % o : -
' 4. ‘Indicate how radicals are used in formylas.. - °." v -z

*

-

. ! N i . - - . * > -
b C{gpstructional Aids: - T . . >
. . ) . ' ” v
/ . . ) . € f . ,
"':‘3} - / - ’ ’ ""
R . ' o
- ’ v s '\' f,‘ -
. ) S .
- . R Ty - N . * -
.- {1nstructional Approach: - . .- _ S
S Discussion |, . R ~ | _ \ N
|Practice making formulas.,———= [~ - T
: B AXTN . & . - - vt [
vy N - - "c ~,
' fJiS‘ e ™ I ’ < ;
- - N ¥ 0 - 3 ) = e - . ¢
\ Refer&pces: - T . ‘

;5%¢ o | Chemistry Made Simple, Fred (£ Heés, Doubleday-and Company, 1955. N

| Cheniistry for Laboratory Technicians, Stanley Cherim, W. B. Saupders Co., 1971.
Chemistry for Sanitary Engineers, Sawyer and McCarty, McGraw Hill Co.,.196Z.
o K — - T <. - A .

~ . | | ‘ .,
. . M ‘ .o ce T, « e .
N It U JT— . ‘ - e
' < ‘ . N ' . .ot ’ : ’ ", ’ < . - e .
, ST N : : ' :
. . — - - - " - ‘
‘ Class Assignments: @ — CNT e : o ’ .
4Practice’making formulas . L : L '
Q . -, - . oA N ’ |
T & - .
LEGisd NG T & “ e ¢ T ’ ;.- » <
- 3 ' et e . )



T " . Page _33 of 77
. Hodule Ho: ] Topic: ~

Noménc]ature _

b,

Instructor Notes:
a * l" hd -

.
. . - : > -—

[4

Instrucfbr Outiine: . '

o . T c Objectives 2 and 4 - Valence. in‘FormuTas, Radicals

P. 35$§36 Chemiétry Made Indicate that -the net sum of all the valerce

" SimpTe, Formulas and Valence | numbers in a given compound .must be zero, |
! i " in most' cases. Formulas should be described
- P. 109 - 113 Chemistry for . as the ratio of the, atoms of each element
Laboratory Technicians - present gn the .campound. Show by several .
.| Formulas and Nomefclature examples) how valence charges are used to make
: . ) s sf formulas for compounds. Show how subscripts_
‘ , o - .| are used to balance valences. Use radicals to -
' . make formulas, and i1lustrate how they are- ®
. . balanced in respect to charges. The ‘student
* + ".should be encouraged to practice making formulas
. and learning valepces. ‘The use of suffixes ide,
‘ o ife,. and ate should be briefly discussed.with
. 'respect_to naming compounds. oo .
< - - L L Objectives 1 and 3 < Formulas of Compounds
P o . [ 4 ) * ‘
Table 12, P. 275 Manual of _The student should be able fo associate formulas
«"Instruction for Sewage - .| of Compounds with names. Hardfiess causing
_ Treatment Ptant Pperators - - cations -and ‘associated anions can be introduced
* " Compound names & formulas ° - and formulas can be composed for varijous
s . J . ‘ LR ! A compounds’ using these -ions.. ' ;
v . Table 19.- 1, P. 349, 'Sawyer : - - .
: and McCarty, Cations causing ’ - . 4
hardness . XY ~ ’ N
N . - "-/J' . s- g , . o ?
- . K L] ) / :‘Q
. -~ ’.- , P ’ s ) . Z'\ ‘/
- N ° ) (
> ) | '
L i . -
L4 .\. }‘ R Ny - R .
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Module Ho: ‘Module Title:’ i ~
. ' ~ | Chemistry for Operators ' - . L8
Submodule Title: _
d X ; - o ..
Approx. Time: Compounds L R e £ .
: : Topic: ' : . )
1.2 houts i Mo]ecqf%r Weights Y ; ' S .
‘ - - i ) -~
Objectives: ' - 5 _ -, )
Upon completion of this modu]e the part1c1pant Shou]d be.able to: " <
7\ ~ »“" x‘

1. ﬁ Define molecular weight and indicate how:it’is computed. -

2.° Given the actual weight of a compound dete§h1ne ‘the number ‘of moless

3. Given 5 compounds commonly found ¥stewater select the weight in grams
needed to produce 1 molar so]ut1&;Q;ﬁyrthese

4.¢ Indicate that an element may combi: w1th 1tse1f to fonm/a molecu]e. oo |

‘ w" . i~ -
- h -
>
.
@ >

LT . N ‘ . . ’) P . ~
Instrugtional Aids: r./ e ~i§' - 2 “ 5 ‘ 5 — .
‘ - :- 3 ’ . - T ) )
Handout No. 2 ¢ r ’ / SRS . ot 5% N
Singer SVE F1]mstr1p - Atomic ahd Mo}eqy]ar Welghts s S .
fnsiructiqﬁ‘u;Abprdach: : T e\ U . L \ .
Discussion o % CON L N 5
Handout No. 2 . - 7 #\ . ’
Filmstrip A 493-4 ’ S .
_ ‘ N . Nz, .
R :
References:. = . : EE T ; T

Chemlstry Made S1mp]e, Fred C. Hess, Doub]eday and Company, 1955, .
Chemistry for Laboratory Techriigians, Stanley ‘Cherfim, W. B. Saunders Co., 1971
Instruct1ona1 Develgﬁmgnt work?hop, EPA, Utah State Un1verswty, 1973 )

/ . Y . " : K y

! . . }.«" . . . ’
N - - - : . . . ¢ -
- a [ . » . v
: - il . o p i
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1Class Ass ignments:

A

Tae
broed

P." 38 Problem set #4 Chem1stry Made S1np]e Ls .
| Read .Handout No. 2 . 4.
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Ha;udout No. 2j % ¢
PP. 114 - 120 Chemistry for
Laboratory Technicians, the

- 1y

numbers, of moles is
the cémpound.
show how. quantities

Descrit

- N ?3 R AR . ot N - )
. - .o - ; Lo . . L
L ‘ > . . ) . . ' /
’ . .‘ ',‘: {\- . . . . . ' \:\ \\— .
, . , © o .+ - Page’ 15 of 77
Madule Ho: BE Topic: ™ . - T ‘ 6 \
. . ’ e ~ . . ' . FEN \\
ceoet s Molecular ng'ghts T : \
Instructor Hotes:) _ 'é' , f!\st.:ruc.tor Ol;tline: ' \\ .
- - T ) A N
. T+ | Objettive 1 - Molecular Weight '
P. 37 - 38 .Chemistry Made ‘ Define formula or moleculdr weights, se
Simple - Formula or Moleculap .| sevetal examples for determination of ‘
Weights "y < molecular weights. . \
L, ‘ | Objectives 2, 3; ‘and 4 - MW actual weight  ©

relationships - <

Define molecular quantities and show how the

‘found given the weight of _
molar soTutiond and
of compounds are found to

MoTecular concept
.~ection 5 - Instl@iona] .
~.Development Workshop - the,

molecular concept.
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make 1 molar solution or,fractions of. Allow
the participant to.worR %eVeral in class
Submodules 1 and 2, Introduction

and ‘compounds, should be reviewed at this L -
point and Exam No. 1 may be given at the next * -
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Page _16 of 277 = . -
dodule Title: . T e
Chem1stry for Operators. . b .y
.Submodule Title: ' - , } '
. s €. « - o
’ M Chemical E i / . C e T
Approx. Tﬂrg_:_:"i | Ch mical Equations , .. . ——r
1 .-, Migpie: - ' T
19 o e o, : - _ ,
Vs hours’ \ Co Equations - Reactions . RS S -~
Objectives: N . " ‘ . ' o el
Upon comp]etwn of this moduTe, the part1 ipant shou]d be able to: |. R
1. Given a chem1 cal equat1on define reactants, products
2. Name and descmbe four types of chemical react1ons.
‘ k\r .' ) ' « TN ¢
* " g\ . \: v L
. ¢ ’: & 5 ’ _ \
Instruchoﬁai A‘ids‘, . : R X )
] Slngeﬁ SVE Fﬁmstmp - Szr{bo]s, formu]as, and«eg\uatﬁms\
' ~f . C : ‘ PR
. ,e - ' . ' - . ,' ] » H . -
~ X s, i D - '
- AN : —
AInstructhional Approach: N . .
DiscussioN. T R
Filmstrip - A’ 493- 3 ’ ’ .,
Réferences: e Y PR - SN s '
Chemistry for’ Laboratory Techmc1ans, Stan?ey Chemm, W..B. Saunders Co. s 1971
Chemistry Made Smg]e, Fred €. Hess, Doub]eday and Company, 1955
v . . ,,‘ ] h 5
4 ? [ N o\
- ; I : e
Class Assignments: C . ‘ ‘ T
- T e o ' : . , . e
Read PP. 20 - 21-Chemistry Made Simple - - Y e 7 '
¢ ’ ! - ’
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: " .Page 17 of 77
Module Ho: Topic: ' ' I ’
Equations - Reactions e
Instructor Hotes: "{ Instructor Outiines L .
. : ' 2 . —
Objective 1 = Chenﬁc11 Equations * - G

PP. 69 - 71 Chemistry for.-
Laboratory Technicians, Chemica]
Change \C

P. 226 Manual of Instruction
for Sewage Treatment Plant
Operators - Equations

[N 2

«P. 20, 21 Chemistry Made Simple]
Chemical Change .

-l

*%

| Objective 2 - Typés of Reactions

Describe the equation-form for reactions, .
‘reactants, products, symbols used in depicting
equations. Briefly introduce the coneept of
stoichiometry. Give examples of equations
commonly used in wastewater treatment:

Examine the four\pri;éiga1 tvpes of chemit
reactions which include combination, decomposition,
replacement, ‘and double displacement. Discuss > -
energy changes and.catalysts involved in reactions.
. Review how occurrences of chemical change are made
-obviols such as gas evolution, precipitation,

large energy changes, célor changes, etc. S
[N ;' d NN . s 3 .
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- Page 18 of _77 "~
ﬂqdﬂie'nb:"- . -] Module Title: = - ¢ Aﬁx e
o Chemistry for Operators
- ‘ _Submodule Title: T
|Approx. Time: - ‘Chemi cal Equations. ‘ v S
_ . Topic:.. .. : EETEEN
2 hours, Balancirg Equations K Lok
— — - D
Objectives: - - .

Upon EombTetiaﬁ of .this-module, the participant shduid be_ab%@itdz?ﬁf P

1. Define the law of conservation of matter. - S S

2. Describe how coefficients and subscripts are.used in ba1ancing’equations to
“-maintain the law of. conservation of matter. ‘ .

3. Given reactants and products from a common- reaction write a balanced

equation. . N ;
- - , X
. . u) ! ! [ .
Instructional Aids: X . . X ¢
) s - . . . . > ~
B " % C v 8. & N . d
S : SR s B
R .4 "? < . . ’ ‘«‘% . ¢ 4
I PR » Yo% , “\
Instructional Approach: e - “t_* “ N
. . -7 . v R ’ . ¢ - : - »
Discussion - . ’ . S s
Practice balancing equations in-class , o N .
4 ( . ’ . ) ™
. rom . : ) T I
Y R - \T' Y i‘ I3 3
References: T o, Ly

Chemistry Made Simple, Fred C. Hess, Doubleday and Cqmpany, 1955 .
Chemistry for.Laboratory Technicians, Stanley Cherim, W. B. Saunders Co., 1971.
Instructional Dayelopment Workshop, EPA, Utah:.State University, 1973. '
Introduction to Chemistry, Turk, Meislich, Brescia, Arents, 1968.

‘4

Class ;Assignments:
Do problems’ CH 5, Chemistry Made Simple

f - T

~

b ‘a 7
207 ¢ - o
’. ‘4' ° .’ . » .
\ . -
- B . . -




Module lio: » Top'ig:

Balancing Eduatiohs

Ot —— .

.

" Instructor Out'ine: ™

Instruetor Hotes:

[ .

ﬁT - =

-
L]

’ . ' ) . ’ Vi ' ’
‘. —_ ‘ | Objective 1.- Law of Conservation Matt
T UL L Obdeckive L Lov of omservation of Matter
Chapter.5, Chemistry Made °,

Simple, Laws of ‘Chemistry

De?inefthe']awxof conservation of matter and
‘relate it in terms of\reactants'and products.
1 Also introduce the law of definite propértiés{' .

v

.2

VAl . | Objective 2 and 3 <"Balancing Equatiofs .

PP. 120 - 125, Chemistry for The rules governing the writing®of balanced -
~ Laboratory Technicians - le uations is probably best developed by using , ~
Equations a B s@tgra] examples. Describe, by examples, how

- ) . subs'cripts and cogfficients are used ‘to balance
Section 10, Instructional equa

ons to maintajn the above-laws. .Examine
Development Workshop., Reading Stoichiometric,reactionitggain as one in wh1c@.
and Writing ‘Chemical Equations-| all reactants are converted to final products;
Exércises S irreversible reactions. Introduce reversible
\ R t reactions and briefly describe the equilibrium
Chapter 5, Introduction to ‘concept. Give the student” the opportuni-ty sto
Chemistry, Turk - Stoichipmetry|.balante several in-class equations when given
e * reactantsiand products.- «Jhese ‘objectives will
necessarily take some time. . .
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3 . . .. . s P L - o : o
- : . v ! ) } ’ \J//pﬁ :\5 s
- - ] “ ‘ . \. . N ,z: ‘_.." ) . —Q: .~ ;
-‘. " o‘ '. 4 ¢ ". . b — i - - : '.l
. - L " Co,o- , : ‘ * ’ ; s
Y < i} . : “ Pa—ges “ 2“_ of ZZ
Module Ho: 271 Module Tme. : oL S
- e Chem1s’cry for OperatorS' N Ty . e
Y =9 &v_.‘ 1=
" o ‘§‘utg_modu1e Title: o s, ‘
] Chemical Equations ) ';’@ o : i
Approx.--Time:. . - P :
- n A - 3
‘ Topicy:_‘e" .7: ~ Q’\ - \. - —
‘1 hour Ionic Equations SO .
. — — ¥
Objectives: - s ‘ AR ;=
Upon completion of -this modu]e, /he part1c1pant should be” able to. .
- L d » @ T
1. Describe the process of ionization in water. = -
2. Depict with an.equation “how a compound, when d1sstWed in wafer "reacts or
ionizes into its component ions. > —_, *
3 Indicate that the charges on the ions are."balanced" w1 th respect to each
»~ other and must be of "equal" and opposite charg e.;i
4. Given several compounds  common to wastewater des.cribe- by equatwns how they
“ionize .into thgir respective ionic components.e v“".
5. Indicate that/not-all compounds jonize ;o the gmdegnee —
Instruchonal Aidsi- , ~ o0 R '
“'m' ) \ Y ® ] ' i ',V" g
* ) ﬁﬁﬁ}a ) ‘( 7~ :%{ . ? ' ) #
¢ . . v 'i, I3 '5
— % $ ' ° . 2
- ‘ &i
Instructional Approach RN . .t
. - ‘ >
. - . . RN . [N s
Biscussibn S . ‘ . ie . T .
. oL > ' A ° :
X . g ‘L ¢ - . J,< :
d . e~ > . ) . . o ) |
References: I R ‘ . Toee,

Cbenfistr;y Made Simple, Fréd C. Hess, Doubleday andk"Company,

-
de R "f
! . a ¢ ‘ . J_.,. . .
V F} ) ‘o | i K
Class Assignments: & . - : ]
) N N - . . s Y .
Ve 7 . - N . « .
.{Read PP. 76 - 79 Chemistry Made .Simple T g \ .
% \ N é’”‘ .0» Ny )
> R .
22 , TS
- Q. ’ v”-v "’ . N © .
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Module No: \ﬁ%f&opic:

.o “onic Equattons'

9 |

Instructor Hotes:

~

<

-

Instructor Out’ine:

PO

PP. 76 - 78 Chemistr

Simple - Idnization

a+”

I

P. 78, 79 Cheéistry Mads"
Simple > Strong and Weak

-
.

3

Made

.mlecules in solution.

‘HC1 = H* + C1- .

3.

.

Objectives 1, 2, and

3}- Ionization

Rédefine jons and describe the process of
electrolytic dissociation, ionization in
solutions. ' Generally describe the 3 types.
of electrolytes, Indicate that non-electrolytes |
do not dissociate into fons but "separate" into
The descriptions of
electrolytes and non-electrolytes should be of - -
a general nature dividing electrolytes into acids,
bases, and salts which jonize and non-electrolytes |
which do not ionize. Dissociation of e]ectro]yte§
may be showh'by_equations such as: .

[
-~ 4.

>

NaCl = Na* + €1~ | - . o
CaCly = Ca*™* + 2 c1-\ - N
Nap SOp = 2 Na* + S0, = .~ ° -

Aly (334)3 AN IS =,

Emphasize that the charge on each ion is the -
valence number of the atom or radical. Alse

poiht out that the charges on the ions are o
balanced with respect to edch other' (coefficients °
and subscripts). - P . D

- .- ~

Objectives 4 and 5 -‘D;gree of Ionizatiqnﬁ

! Use compounds common_ to wastewater such as®
:Nay €03, Ca COg,
W

Hy CO,, which ionize and depict ;
by equations -hdw they %Orm ions in water solutions.
Defineéstrong and weak electrolytes.  Specify that
the terms strong and. wedk refer to the degree®of
ionization, Weak eléctrolytes could be-defined

as’ compounds ‘which dissolve in solution only
partially as ions and coexist in solution with -

«the molecular fdrms of the. compound. Incomplete
ionization may also be desckibed as Tess than ;
100 per cent jonjzation. , ’ o .

\ *
- s ; ’
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_Chemistry for Operators -

\

L .- | Submoduleghitle:

»

Solutions

Approx. Time:

‘;:. T S ‘ ;

, Topic: ‘ : I
;T . T Y .
3/4 hour Introduction . : : Voo
Objectives: i o g~ ‘::f'.‘% / ,/

Upon sompletion of this module, the participan"c"_shdl;]d be able to:
1. Define: Solution, aqueaus: sﬁo]ut‘ion, solute, scj]uent, mi'xture‘.'. .
2. Explain how Solutes may be dispersed-into molecular, ionic and combinations

of the two forms.' - » ; y
3.~.Differefitiate Between a solute in solution (homogeneous) and solids )
Suspended in so]_ution.(heterogengous). , .-

[ .-
\ .

S

Instructional Aids:

. .’"7*
Instructional Approach:

.

Discussion .-

N

References: . . ) .

4 < A\
Chemistry Made Simple, Fred . Hess, DoubTeday and Cofipany, 1955.

.Chemistry for Laboratory Technicians, Stanley Cheyim, W. B. Saunders Co., '1971.

* )

~
*

.
¥ = —

Cldss Assignments;

o

~ |P. 66 Chemistry Made Simple




L7l

Module-Ho:™ - | Topic:
) Introduetion | -
‘-6“ » . ’
Instrugtor Notes: s Instructor Out;ine: . v )
r, * . o, R Fi !
. * : N ¢ --:
= o - | Objective 17~ Definitions / )
: ’ a ) . N . ’ ' -
P. 66 Chemistry Made Simple, Basically objective 1 concerns definitions of
Solutions AL terms. . T
. Ce Objective 2 - Solutes, molecules and ions.
St . : : ] -
" r, - Describe again how a solute coexists as
x . . molecules -apd iomic forms. - .
w. 162 Chemistry for Labora- Objective 3 - Homogeneous and” Heterogeneous
tory Fechnicians - Solutions % .
. Introdd%tionu s ' ‘This concerns differentiating between 'true -
) Y . ) solutions and heterogenous solutions such .
T e R . . .| as'colloidal systems. Describe calloids.
- 3 . \ .7 “
: £
s . e . 3 ‘ *
’ L ,
, e , = .
N ° L v
Y s " , .
Py - * . ~ P -
. . | .
- * =l -
3 g‘ . ’
- - . “ -
> . ;
\ h N ’ ) * )
P » ) ? » ,
. e f ¥ ’ ‘
4 ‘ 3 . e .
~ - . - ) ’ ]
; ‘ o . ' ‘
. > . N {
¢ ~ ‘((o P N ).g;"?
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Hodule Title"
Qhem1stry for Operators

Submodule
" Soluti

Approx. Time: .*

1% hourg,- ] Expre551ng Concentrat1ons

o

< .

0bjectiveS' T - ..

Upon comp]et1on of this modu]e, the part1c1pant shou]d be ab1e to:

_ D1fferent1ate‘between strong and weak, concentrated and d1}ute so]ut1ons.
2. Exp1a1n diTution’ factors and give an examp]e;us1ng BOD dilutions.

3. Deseribe molarity as a method for expre551ng concentratlon and show How
-, it is calcualted. ..

4. Prove that concentrat10n unit- 1 mg/ = concentrat1on un1t I ppm

I's L4
LR

-

{Instructional Aids:

Discussion

3y °

\References.
N ’ vy - ,

Chemistry for Laboratony Technnc1ans, Stan]ey Cherlm, W.-B. Saunders Co., 13]2.
Chemistry Made Simple, Fred C. Hess, Doubleday and Company, 1955. -
Chemistry for San1tany Engjneers, Sawyer and McCarty, McGraw Hill Co., 1967 .

»
.

® EY
- I

. X, '.5:( N
Class éggignnnnts:~q 5h§
Work concentration problem (Obljactive 4) as a551gned

Read PP. 66 - 67 Chemistry Made Simple
Work practical dﬂutmn prob]ems f‘ 26 3
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T O . ‘Page _25 of 77 - °
roduleio: T T Topics Co | - :
Express1qg Corrcentrations :
' ‘lns\tfuctqr Notes :- I Instructor ’Outiinei At : ’
s N < . ) - "

: : _ Objectivls:1 and 2 - Dilutions ", ‘

- PP. 166 - 174 Chemigtry for , | Explain concentrations in terms ‘of. concentrated
Laboratory Technicians - . gilute, and percent solute. Examine_how: '
Concentrations of solutions practiced dilution problems may .be solved;’ *
o ¢ | for example diluting.concentrated stock
P. 66, 67 Chemistry Made " solutions or samples for laboratory analysis. °
Simp1g, Methods of Expressinﬁf D di]utions‘60u1d be used to examine- how- . o]
Concentration - Dilution diTution factors are determined, ° ,

AR : s o '
P. 403 Sawyer and McCarty, .
BOD dilutions e . .
° TS o . .
3 ‘ Objective 3 and 4 - Molarity, conceptrations
‘ 0 e
Redefine the relationship betwggn molarity, - T
) " | mole, and volume, Show mathematically how
) ’ '[-mg/1 is ‘converted into parts per million. Giye
: v molar concentrations 'of solute, then convert fto
mg/1 and ppm. -
, — ’ 4 )
t ~. - . - .
) Hﬁ - .
‘,’ - . N -
Q i
* - / ~ . qjt' . .
Lo ! . ) ' i}
//‘_ W, ‘ - e )
N ./L _;5.: \\ . .
f: {, ) ¢ ( " \ . ’ -
. ’ , LN \ : ‘:'- N . oA 3
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| Module No: . =~ 7| Module Title: | |
—_— ’ et Chemistry for Qperators ‘_-'" — - R .
2 ', "4.. - ; - ’ -
e 1 _ Submodule Titles . |
o . So] ti o - ) R _
Approx. Time: utions’ Y 7 ' | — .
- L T N BT
— . 3 hours . Ngmahty ) . -
— " |Objectives: . : o SR o '
B / Upon, comp]etmn of th1s modules- the part1c1pant shob]d be . ab]e to: -,
. =y
1. Define hormality as a mﬁodem concentzrah on.
2. Given the normality of a compound describe and compute the number of .
. £quivalents and show the re]at1onsh1p between quivalents, actua%welght
~ "1 ~of compound, and equivalent weight, -
3. Indicate a fundamental law of chepistry which states that a given number N
of equwa]ents will react exactlyl with the same number of equ1va]en’ts of-
arother substance. i
R 4. Differentiate between'fd1ﬁier1ng normalities in terms of concentratmn\ N
i ' 1N, 6.N, 12 N. .,w% . _ _ .
Tnstructional Aids: “\ ‘ R A g
- d 3 | - N .
Handout “No. "3 e . . i e
. | {’. :‘r”i i N ‘ >
R Instructional Approach: .. . - N
- P 1 . s - Pa o~ — -
_ Di'scussion . Ca '
. . [Handout No. 3-——gHork problems. , . .
‘ "WM ' a LT .
A, . T 7.
R References: - A
L . iChemistry for Laboratory Technicians, Stanley Cherim, ‘W. B. Saunders” Co. , 1972. .
i L Chemistry Made Simple, Fred C. Hess, Doubleday and Company, 1955."
Manual of Instruction for Sewage Treatment Plant Qperators, Hea]th Educatwn )
‘ o=~ ‘. Service
s Analytical Chemistry, Pietryzk and Frank Academzc Press, 1074.
* / ’ . : . . .. »
, . |Class Assignments: — g . ( ' ’
", 77T -afBead PP» 175 - 180 Chemz»s.try for Laboratory Techm cians ' : .
' "?l -”*""“‘Study andout 28 _ — : .
. Y ) ‘l . ) ) 7 ’ . ]
“ERIC | o | |



PP. 175 - 180 c?mefnistry for
Laboratory Technicians -
Normal So]utiqns o

. P. 66 Chemisjny.Made'Simple -
1Normah’ty T : '

[ o
¢
P, 229 - 230 Manual of
Instruction for Sewage

Treatment Plant Operators,
., Normal Solution ;o

e
>

Handout No.A3 _

PP."}(-‘SQ Analytical
Chemfstry - Calgulations -
based on Normality

»

-} -veactant B, 4 eq
. \;ﬁd so on- ’
‘e . . Y

%ﬁ;&seht the funaamenta1 equation describing’
is relationship. Normality 1 x voTume 1 =

-t

Module Hp: - Topic:
S Normality .
Instqgctor Notes: .Instructor Outiine: e
V?Fi__ ﬁ " - ~ ———
?
“ a". ’ . ¢

Obgective 1 and 2 - Normality - -~
Review va]ence,humbé}s.fpr several examples.
Indicate that in a steichametric .réaction S
a constituent whose' amount is being measured
.undergoes” a reaction with another substance

or is made to.decompose in accordance.with a -
well defined equation written in terms of 7
reactants and products. Review equation forms,
generally Rp + Rp/—3-Re + Rp- '

Describe that n rma1ity,"1ike ho]arity, is a
method of expressing concentration and is
commonly used in wastewater control.

1)

Define equivAlent weight and emphasize that

" it is dependent ppon the valence involved in

the reacti Use examples and refer to

Handout No{ 3. Determine equivalents from -
equivalegny weight, and.then describe normality.
.Use handout examples. Show that normality .
then is- 4n alternate method, though an indirect
one,-of expressing “concentration. Its utility

is def}npd by the fundamental Taw Ny x m

N5 xm s described in (2).
relatipfiships=of N, equivalen
weigh

Work throughlthe
ts, equivalent .

» and actual weight several times.

" Objettive 3 - Equivalents in reactions

¥ significance of-dSing normality is useful
Lo the fact that one equivalent of reactant
11 -react with exactly 1 equivalent of
uivalents with 4 éhuiva[ents, .

A/wi

D)

Noxmality 2 x Volume 2, efuivalénts = - :
equivalents. < Use an- example such as what is
the; iormalify of-a Na OH solution if a specified .
mlis néeded to exactly react w¥th a specified
g quantityof an acid,~HC1? - - ‘
- H ‘ &
O
B ‘ - L

.
°
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Modu'le No:

N,
~

“Topic: ¥

Normality

’
i

Ipst%uctor Notes:

Instructor Outiine: <

s

e >

A
- E3 L]

Obgect1ve 4 - Concentrat1on in terms of
N normahty :

Show how d?-ff"em ng normahtles of a substance
" describes 'di ffering concentrations and
d1scuss i:hen- preparation.

o
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) ;° ) - » Page 29 of _77
' Module Ho: . Module Title: . ' .
S Chemistry for Operators .
) Submodule Title: - ) -
» , Solutions . . N 3
Approx,. Time: o , . e .
- | : e ' \ ! Topic: ) A
N hab?s'_ : Solubility . )
- |objectives: ‘ o . . - -
- Upon completion of this module, the participaqt should be able to:

‘Define solubility and factors influéncing solubility in terms of concentration.
. Explain the process of dissolying and deposition of a solid in solution.
Distinguish between. a saturatdd, unsaturated and' super-saturated solution.
Explain the equilibrium conditign for substances at saturation where

disso1yipg and deposition procesyes occur at equal rates simultaneouysly.

£ PN
. . . o

A}

) : . - o e
.
.

S R Instructional Aids:

LY * -
Instructional Approach: S ’
: Discussion ot
". N A - g ' ‘?‘ . ’ .
b ’ ' Y ° ) ."
|References: . L . .
) Chemistry for Sanitary Engimeers, Sawyer and McCarty, McGraw Hill Co., 1967.°, . = .

Chemistry-Made Simple, Fred C. Hess, Doubleday and Company, 1955
Instructional Development Wowkshop, EPA, Utah.State Universityié

L Introduction to Chemistry,-Turk, Meislich, Brescia, Arents, 196
: '\ ~ ° L . . b' (3 .
- [Class Assignments:’ o ?i, .
Read PP. 69, 70" Chemistry Made Simple ' Ty ‘
Do Section 18 Instructional Development Workshop : ‘
\ \) . - e~ d -:‘%. ¢ PN ~'. {

SIRIC o 31




Module No:

Topic: ‘_P
Solubility

[ 23

Instructor Notes:

Instructor Out:ine:. —

\ >

&
.,

y

" P. 69, 70 Chemistry Made
-—Simple - Solubility :

]

Section 18 - ‘Instructional
. Development Workshop - The’
' Nature of'Solutions

\
\‘ [

S N ' N

o

e

&

P. 31\Sawyer and McCarty,
terogeneous Chemicpd ./ -
EQWi 11br 4 AN

1

mg/7. -

R

\ -

. \ . ' .
Objective 1 - So]ubiTify R
Desgribe soiubi]ify and factors influen€ing
solubility. I would restrict the factors -

influencing solubility to solids in Tiquids. ~
Explain solubiTity in termg of concentréﬁion,

\

Objective 2 and 3 - Saturated, Unsaturated .

.

e " Solutdons -

T Mustrate the reversible 5}chss of dissolving .

and deposition of
-the conditions of
supersaturated for

a soMd in solution. Explain
saturated, unsaturated, and
solids in.liquids.

“Objective 4 - Solubility Equilibria

. . : ) B

Describe heterogeneous equilibria for solids
and indicate relative saturation values.
Specify that the dissolved portion is jonic.
Show by equation from the reversible
relationship between ions in s0lution and the
deposited solid and relate“to an illustratiop.

P .

'y}

-

«

13
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S 3 )
‘LA .
- §
"t Module Ho: - Module Title:
{ y \ Chemistry for Operators
N | Submodule Title:
-l >
SR Solutions
Approx. Time: . ) K
oo - Topic:
3/4 hoyr Tonization in Solutions
Objectives:. , L X y
Upon compTé%ion of this module, fhe.barticipant should be ‘able to:
1. Describe the ionization process in aqueous solution.
2. "Explain how some solutions will conduct electricity and others will not
*and how this is used in laboratory. testing.
~ Q‘ e .
< P . - ) - ]
Instructional Aids: j Co o™ . / o
Conductivity demonstration if available - - . T )
. L4 , . “ - ) . .‘ . .
- oo . - ! : . Tl X
Instructional Approach: .-
‘Discussion " ‘ "
Demonstration - conductjvity T - .- ' S
References:s o ' = ;
 |eferences: G, s

. R - .. e . PR
Chemistry Made gimplé, Fred C. Hess, Doubleday and Co., 1955. |
Chemistry for Laboratory Techniciaps, Stanley Cheriq, W.: B, Saunders Co., 1972.

.3
A

.
’ . . ’ . «
LA s .

JClass Assignments: - . : Lo -




P i : s “‘;‘#w S o .
\ ) .
- - ~ )"“L ~ - o« ,
- .- ‘ \\ Page _.32 of 77 -
' [Modu,le No: ‘Topic: ;"j& ! ]
‘ B Ionization in Solutigns 5 ‘
¢ B - g .;; - = ~7 -
Ins#ructor Hotes: \_/' Instructor Out:ine: K \‘ i
A ry N 2 .
\ - .
. \ » o
- ~ A : al N LT \ :
- . . - § Objective 1 - Ionization « TN
) : " 'b\\ .
P. 77 Chemistry Made SimpTe.- | Re-exami e.the Tonization process .irﬁi&wa_ter
Ionization . : solutions\\" Define degree of*ionization and
\ B : " sindicate that much of laboratory testipg is
- < concerned with ions in'solutjons.. « -
S ‘ " | Objective 2 - onductivity%- Solutions
., f ’ \
P. 239 Chemistry for - Explain the.analysis of total ion}\g \
| Laboratory Technicians - “concentrations by conductivity measurements.
Conductimetry - Specify that ‘the purity of water may be
' ) Qo deg)grmined in part by this measurement
- ' : - . , - - .‘ :
‘ N .
\' r“ , . =
.. — o A \ 7_1,— A -
= “. : . i‘
- N . ) . ' .
- - 2 RIS
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Instructional Approach: T

. . / ° - , *T‘ . \ [ .
| Discussion , L AT BT N
“Filmstrip - A 493-6 - ——— - . _ - e T . .
. — ‘ TR . > '
"|Reférences: - - ) R 2 i 'e; P .,
Ehemistry for Sanitary Engineers; Sawyer and McCarty, McGrawHi1l Co., 1967. .
- - . l . . ] . . . . ‘ '_' ‘3\.‘- . ’ % LY
Y ':ﬁj 5‘ -~ N
. . AN '. . . , ) R (W- w%- . ’“\:¥ ’ T, ’ .;,'. 'l"," . ‘.
' = 5 R - : LR
. - - " : = A
-Class Ass1gnnnnts e ‘ Wl
N
Read PP, 290 - §§8, 214, 215 Chem1stry for San1tary Eng1neers - i@h
. . 35 o T ) N Lo ' ' ﬂ\:
. - P ) > ’ t —— ’ 3 ' ’ '

0 i i ", . 4 ' ’(" ' ”
. . e - . . #
. 5 .
- - v . ¢ .
b . 4 PRI

SR N :
e 7 L} 'i‘". ' — X t.
%1‘ ' - - & ° . [}
.. \\ _'1:)- . ¢ -
. ' _ ‘ 1] ' ]
_ . \ ‘ _ _
“ - \ 4 s A .
. LTy ‘ Page _ 33 of 77
Module No: . | Modure Fitle: - ) ' N
' _ -} Chemistry’ for Operators- ' .
- LB ¢ ¥ —p-
t Submodute Title: i\ ‘ X ‘
: : : ’ Cy K
Approx. )Time: & | Solutions Py R .
e Topic: R , ]
- 1 hoyr Suspensions; €ollgids, Solids =~ . ° ) e o
e a2 . - ’ ¢ 7 & '
Objectives: - - " Tt )
~ Jv v .

1. - Differentiate between true so]ut1ons and co]101da1 d1spens1ons and name types
of substances in water that are sometimes cons1dered soluble actua]]yeferm -
collotdal dispersions. . .

2. Define turbidity and describe causes. ;

3. Differentiate between dissolved substances and undissolved Ssubstances.

4. Differentiate between total solids and suspended solids in-water and .
wastewater as performed by lab analysis. C— T

Instructional Aids: i‘ " . —_— =

. Yo, T .7

Solids testing ,apparatus T4 o .

1 S1nger SVE F}]mstr1p - so]ut1ons, suépens1oﬁ 2 %nd co]]61ds ’ .
. ‘l‘ " . / .
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PP. 435 - 437 Sawyer and
McCarty-- Solids °
1 4

o

,!:r Cos » . * Q / 0
. L, »
. . S 4 s
- . P . . Page 234 _of 77 . 1‘
Hodule No: | T0p1Cf“ T V4 S (lh" 3 i
Suspensions, Colloids, Soligs L s C |
Instructor Notes: lostructor Outiine: = < L~ Q.'"' |
- »* y “r - T . - : ‘ ._. l
. { ; R R . '
. o ‘Objectives 1 and'3:- Trte and Colloidal e
P. 214, 215 Sawyer and McCarty| Describe the ré]ationship‘betweeh.cpiloidalj’ .
Colloid Chemistry g dispersions and true sotutions, molécular. o
R and ionic. Use colloidal dispersions to ~ |
e exemplify the narrow range of §izes between
' ) dissolved and undissolved substances. .
F Objective 2 - Turbidity L
i T . ) )
PP. 290 - 298 Sawyer and Define*%urbidity‘and indicate’ the range of sizes
McCarty -eSo]ids of suspended materfals causing turbidity.
' Objective 4 - Solids . =~ | - .

Use solids analysis to diégrhmﬁatigal]y'show" <
the relationship of total, suspended and Co

. N o N
dissolved selids.- )
. v s o
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-1-Upon cor;lpj etion of this modu]e', ‘the.

: E4 ) \~ - ?
\‘ ":"- . Page ._3_5__-°f\_‘_ll_‘/"
Hodule Ho:  ° todule Title: ‘ ‘
/ Chemistry for Operators * ~
A Submodule Title: . _ /
. Sodutions
Approx. Time: -
: v - Topic:” s .
N ‘ -
3/4 hoyr  ~ . | Miscellaneous Solubility
Objectives: - . T T .
o T~ v

participant should be able to:

- pressure and temperature and the solubility of theSe gases in a lagoon.

[

2. Contrast between the relative solubilities of heavy metals, pesticides,

jnorganic and organic substances in water. ~
) » M .

~

]
-
[ . ol

. ) A' t 2 . .
1. Using-dissolved oxygen ,and carbon dioxige describe the relationship between

Instructional Aids: ' ‘/ cL o AR .

v

VA ~

N . o
1 ) . ) . L e
.

Instructional Approach: ' . . -
Discussion ., |
4 ¢ ./ ‘
/[ I
.Re/ereq;c'es‘: e / £ N
Y “ . Il . ’
Cheémistry Made Simple, Fred CU Hess,-DoubTeday and Co.; 1955,
. - I - . . ’ N
. . '
. '/'~
Class’ Assggnments: o ' Lo e | ,
[{Read PP. 69 - 71 Chemistry Made Simple = . ' Lo

1

N

R

~ - 4 . . Y N
N . . A TR -
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ModJﬂe No: Topicf‘

Miscellaneous Solubility

A kY

Instructor Notes: ’ Instructor Outline:

3
_— )
v 3 . * ' |

. " Objective 1 - Solubility of Gases ! -

PT\EQ z‘71'Chemistny Made ! Explain the factors influenci g-sofubility ~

-Simple - Solybility . . of gases in Tiquids.—Using lagoons show the

' .“relationships of these factors to solubility
of dissolved oxygen and carbon dioxide. L

-

Obgectivé 2 - Re]at%ve Solubilities of Substgnces

Discuss the fact that solubility of substances -
in water is directly related to- the nature of
the solute. Discuss the relative solubility

~of substances such as pesticides, relatively
insoluble, metals fairly soluble,: organics
generally less Soluble than inerganics etc.

,K-
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* [Modu¥e Hos ‘Module TitTe: " : '
’/;//’/’,/’///i,//”’ _Chem?étry for Operators . . o o .
: | Submodule Title: o =
/ . . ‘
. q . - .
N Approx. Time: Solutions y - . .
’ - 1 Topfe: P S
A o ) P o
¢! 3/4 hour \\\_ Miscellaneous So]ub1]1ty .- . ‘
.o .
40bjectives: : . L ' - o '
o Upon comp]et1on of this modu]e, the part1c1pant shou]d be ab]e to: - . 7
1. U51ng activated "carbon and other materials describe the process of
—adsorption of solutes. » . :
_ 2. Indicate the emp]oyment of osmosis and dialysis in water and wastewater
treatment. -

3. Descrlbe miscibility, partitioning of so]vents, and solvent extractions.

Lo

Iﬁstruct?onal Atds:

- ) v

»«—/ . ‘:‘
Jf/ e - r . L ) . .
i o Instructional Approach: ' > C e o oo
R4 . _' \ N .
L. Discussion ' Lo -
Voo e
. Referenqgs

3 .
‘ . l*Chemistry for San1ta;x,Eng1neers, Sawyer and McCarty, McGraw Hill Co 1967

. Chemistry for Laboratory Technicians, Stanley Cherim,. W. B. Saunders Co P 1972
, Chemlstry Made S1mQTé, Fred C. Hess, Doubleday-and Co., 1955.

.
. . '_ ,' - . -
o 7. ; . . - R = ~o
. . . ) ‘ Ld -

~ - . r
L]

—/A- : .
Class Assxgnnnnts ‘ -

Read PP. 206 - 209, 177 - 180 Chemlstry for San1tary Eng1neers ‘ . - g
Read P. 71 Chemlstry Made Simple - , N iﬁ

e o o T N -
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T " Page _ 35 of 7

.. )
206 - 209 Sawyer and
. McCarty, Adsorption -

_Laboratory T
Solubility and Mis

PP. 177 - 180 Sawyer and
McCarty,Q,smosis .and Dialysis

1

P. 163 - 166 Chemistry for -
eskrtTivns, -
cibility

P. 71 Chemistry Made Simple -
Law of Partition

Briefly describe miscibility, solvent
partitioning, and extractfi:‘qns. -~

Exam No. 2 - Next Session

L TOp’iC‘I . . — . . \
. | Miscellaneous . .
N LY I . ) . )
. ” —
Instrgctor Hotas: ‘ ((- Instructor Qutlinesr : .
) J- 'Mm‘ Adsorption - .

b

Define adsorption and explain wh’y activated

- carbon .is” used extensively; large surface area
(in relation to mass. , § \ .

- Objective 2 - Osmosis-and Dialysis .-

Briefly describeﬁ{osis ‘and- indicate how .
dialysis is uséd in:separation of solutes. =

~

Objective 3 - Solvent Miscibility °*
?

\
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| Module Ho:. Module Titleg. - N

e , N s . 3

g e . | Chemistry for Operato?‘s s,

) . | Submodule Title: - . N

N Apprc;x. Tine: - Chemical Equilibrium I . _
Sandi N Topic: o g -
- « ) o 25 hours, - " General Equilihrium Conditions , "o
Objectives: . i - .
; _ -Ub%n‘comp]gtion of this module, the particjpant should be able to:
- 7 - Define yeversible and non-reversible regctions.-

. Explain®the reversible reaction condition for solids in assaturated so]u?ion.
J 3. Givenia reaction describe the equilibrium equation and sét up a mathematical
PO . -expression for the equilibrium constant. . = .

a
W N

. 4, State LeChatelfer's prinaiple and indicate how it is used to predict the
Ty outcome "of a given change in equilibrium conditions. = | . ‘

. 5.+ Differentidte between het‘erogeneous and hgmogeneous equilibrium.
- ,,.,_.[lnstr"uctional Aids: . . ' ) . v
'o ' ' ‘g;‘ . L .. . ~N N :

SRS 1n§trqctftpnal Approach: PG T | S ot
= " -+ %[ Discugsion , . . , T
. . . A . . , A . ' ] l N ,\ y . o i )

- ¢ ' q«_“’ N * - .
. . : r . « ' *
L References: e : : ' ’ R
e . Chemistry Made Simple, Fred C. Hess, Doubleday and Co., 1955. ; ‘

L L Instructional Development Workshop, EPA, Utah State Unjversity.

- N -

. Class A‘ss‘jgnnpntsi;‘ . . »,K o , - C e
w« 7 {Read Section ‘6 Instructional Development Workshop . . o,
we - . - |Read PP. 78 --84 Chemistry Made Sifiple . ~ : —
QL | A o T ,‘ : :
EMC ’ M :"A ";: N P ', . ) e . ‘:.:\ . . P . 4?1§ ‘.’f r’ 3 K . ) .
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[Modulg No: Topic: . - - . . . .
: ' - General Equilibrium '

- -

| - ‘" ) R o - i . N
. tInstructor ﬂotéf% . - Ig§tnuctor Outline: . \ ] ¥

- °

— ok
—— - aum—

e ~ - Objectives 1 and 3 - Reversible, Non-reversible

L , LA ) Reactions, Equilibrium
] PP. 78 - 84 Chemistry Made . . Expression |
C. Simple, Chémical Equilibria . = T i |
o , o & Describe the condition of equiﬁa rium for
) partially jonized weak electroly¥gs as an
. \ - example of reversible reactions. - Distinguish )
- . équilibrium typés from non-reversible reactions, -

® . b

Use equations and examine th

symbols used,

C.o 1 molar concentrations,—equilibrium expression, etc.

Acetic acid could be used, to show, by equation,
how it dissociates partiaily into jons resulting
in molecylar-ionic equilibrium. ‘

Secﬁién-ﬁ, Instru tfbna] :
Development Worksh®p -
Chemi cal Equilibri

A3

Differentiate -again between strong and weak '
electrolytes, percent ionization.

Explain how a weak electrolyte maintains a
constant degree of jonization, and set up the
mathematical expression.. Show the relationship
. —between-initiatcompound concentration-and

. reSultant ionic concentrations ,using the
., Tonization constant equation,

* Show how coefficients in .the reaction equation

‘ : ' are used.in the jonizatioh constant equation.
: : Work.aqut _equilibrium expressions for sifUaggons
- . S 1 > icients are used or not used. e

- . ) iorfization equation may be defined as the law
.0f mass action expression. .
¢ . -

1 OBjecfivéfff:*gaf}ds - Reversible Reaction_

s1ightly soluble soli
condition of solids i

N \ . i "{ Explain the reVe}sibleffeéctfdn situation for a », .

d. Discuss:the .equilibrium j

n equilibrium with. their

‘

~dons by illustratin

g with.a sTightly soluble

, : - . solid.- This is covered in more detathin topic -
K ! - . - Setubility Equilibria. - - R

’Objective 4 -~ LeChatelier's.Principle J
AR ./ .

With emphasis on conqghtratjon, show how an
equilibrium situatiop.for a weak electrolyte
will shift_position of equilibrium to°adjust

-r

rraen -
- * -

.
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{Moqu}e Ho: - Topic: ' \ \
. } . . 1
. . General Equilibritm . { . .
. \i.
Instructor Notes: ] Instrictor Out ine: ' -
s . S i‘:
""‘_A - - Ll
J for a change in concentration. - For example;
using HF, describe Fow an increase in F ions
N from an external source will, introduce stress
e *| and cause the position of equilibrium to shift
in relieving the Stress.’” Mathematical treatment
< L) - -
\ . . s probably not necessary.
" .Objective 5 - Heterdgeridous, homogeneous - -
. Equilibrium . " X
v \
: ; Briefly discuss the differences between
>, heterogeneous and homogeneous equilibrium.
A ) , v ‘ . ) ...
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todule Title:

- + - [Module to;
) o <; Cheniistry for Operatorg "
Y " Submodule Title: T
. A X Acids and Bases” . - )
) Approx. Time: . , . -l .
L B I Topic: \
- '% hours Introduction m . '
we Objectives: . _ . .o )
- ' Upon -completion of this module, the participant should be able to: °
‘ﬁiw_;ﬂli_gggfjgg"acid{ base, 'salt, conjugate acid and. base, neutralization, hydronium fon
. % . -] 2. List common aclids and bases used in watep and wastewater. ;
T 3... When given the! name or formula for an acid and bdSe write a_batanced chemical
. equation for‘t%e reaction which occurs and thg name the salt formed.
4. Differentiate between strong and weak acids and bases. .t
o ' 2
T Instructional Aids: : Ce
. Singer SVE Fi]mstfﬁp - acids, bases, and salts ) ¢
<L » : . ) ’ ’ . ]
.n \\\ . T i~ o . "/'
Instrucgional”Appro?ch? ) ot Aiﬁ : . ! -+t
* -~ ., “ o N . . . “ v R \.
4 Discussion g ’ : , - ¥
o Filmstrip - A-403-f. . . . * S
X e \\ - -—
{References: . ,_?\7§=§§§§v - s
"] -themistry for Laboratory Technicians, Stanley’Cherim, W. B. Saunders Co., 1972,
o Instructional Develo t Workshop, EPA, Utah-State University, » ° - h
.o Manual of Instruction %or Sewage Treatment Plant Operators, Health Education
g -Service. - y L, , ‘
'.’ ., . ] F} . . . . .
o - Class Assignmedts: L c R
Read PP. 186-- 188 Chemistry for Laboratory Teéchnicians. .
4 ., . o i 4 i
:~ .”o‘ . " ;'1 ‘\,‘, s
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P. 186 - 188 Chemistry for
Laboratory Technicians -

Acids -and Bases

-

-

)

. v

P. 227, 228 Manual of.
Instruction for Sewage

Acids * Basds

Treatment Plant’0

perators -

Section 20 {nstructional . -
Development Ndorkshop - Acids

and Bases

/

-

» - ) Pagé 43 _of "77 . '
ﬂq&q]eiﬂo: Topic: ST .
1 . ' : Introduction . ‘ T s NS
Iﬁgfrugtor Netii;'ﬁ‘: . Instructor Outline: -

Objective 1 - Acids, bases

Define acids and bases as proton donors and
acceptors. Define neutralization as a term
applying to equal numbers of H and OH. ions

cmﬁﬁmto%mwnﬁg, T ]

Objective 2 - Common acids and bases
List dcids”and bases common to wastewater

treatment or analysis such as sulfuric, carbonic,
hydrochloric, sodium hydroxide’, ammonium 3

hydroxide etc. . _ P i
.l e L. ) ~
Objective 3 - Neutralization L :
Show neutralization reactjons. by equations for
simple’acid - base titrations. & ‘
- L. - N i
Objective 4 - ‘Strength of acids..and bases
. Emphagi%e‘that strohé and weak acids and bases.-
refers to the degree of <onization. _
- ’ ) .‘ N ) ' . 'r
L 0 ’
7 - =4
:.1_1 . ) > ) - ) L 4 *
.“ - Y
0~ > x‘ ’ "
\.I.: - . » ] :
el
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*a

s \ Submodule Title: " oy .
- y 1| Acids apd Base: '
Approx. Time: \| DTS and pases N ~ ‘ .
. Topic: ! T , < . ‘ ,
lk,hours, . i e
- 0 : ¢ pHx ' . { ' . .

. Jﬁlfpon corrp]etwn of this modu]e, the part1c1pant shou]d be ab]e to:

. Demonstratlon - pH meter, co]ormetrlc pH tests (

ObJectives

A

1. Define pH and.t_p1cate that pH is-a mathemat1ca1 expression for hydrogen ion
“concentration,

2. I]]ustrate the pH scale d1agrammat1cq}]y showing neutral, increasifg basic
strength and 1ncreas1ng acid strength. g

3. Identify 3 instances in water and wastewater treatment where pH measurements
are used and 1nd1cate the1r significance.

g : . . ) .. " L i ) ‘e
Instructional Aids: ~ - ‘ \ L, ’

pH metfer, pH colorimetric testing kit ) , ’

<7 . . - 5 - -3 1
’.- . ’ N o - .. ] ‘ < —~ % ,{ |
Instructional Approach:. . o ' - - .- ‘
Discussion 4 ' ) T .

[ « ) - . . -

References ' T . T v
£hem1stry for Laboratory Teetnicians., Stan]ey Chérim, W. B Saunders Co., 1972. @
Instructiona] DeveTopment Workshop, EPA, Utah State, Un1vers1ty .
Chemistry Made Simple, Fred C. Hess, Doubleday and Co., 1955. cL
Chemistry for Sanitary Engineers, Sawyer and McCarty, McGraw Hi11 Co., 1967.
Fodern Cﬁem1ca1 TechnoTBgy;'ﬁem1anLTechnician Curriculum Project, Volume 3,
1971. : < . C

‘/ ’ ~— .. ¢ o ¢

Class-Assignnénts: R ‘ P

Read'PP. 84, 85 Chemistry Made Slmp]e
Read CH:15, Chemistry for Sanitary Engineers . . .
. Py , ~ . ‘ v

50_46' - ‘ -
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; *Chemistry for Operators )
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- JInstructor Notes:

<

’S

Page 45 of 77 °

Module No:

S

+

19§tructor'0ut11ne:

[ -

;P.
. Technology - Measurement of pH

~'Ch. li?Sahyer and McCarty, pH

=

PP."192-196 Chemistry for-
Laboratory Technicians - the
concept of pH '
Section B Instructional
nge]opment Workshops pH

- e \_{:
Demonstration with pH.meter
colorimetrie tests -

-

pH

- L]

PP. 437 - 447 Modern Chemical

N

‘
i

-

a -

84, 85 Chﬁhi;try Made Simpie-,

- Objective 3 - pH Mea;drémentg

Y
Obdectives 1 and 2.- pH

,

.

Describe pH as a function -of hydrogen ion’ \
concentration. Give the mathematical expression

but 1imit mathematical treatment.

-

% T | .
. ) , “ . . .
Explain how pH may be«measuréd'by using pH

meter or coJorimetric methods.. .

ITlustrate the pH scé]e{. £§ve'exgmp1es of;o'
P substances as they ‘relate to a certain pH. -
. 2 . e

N ' ’

- Wastewater
-Simply discussexamples of here. pH is taken
in wastewater treatment, sgéb as in a“digestor,
lagoon,. effluents; €tc.. andl briefly explain
why they are tdken. - <

ooy

§




Module Hp:  «."y |- Module Title:
' ' 'Chemis%ry'for Operators

Sugmodule Title:
Ac1d§ and Bases -

,'ihbp?%n. Time:’ \\ )

Topic:

1 3/4 hours - Neutralization Tjtrations-

“|Objectives: . .
-1 Upon comp]etdon of . th1s ‘module,- the participant shou]d be ab]e to

. Define neutraJ1zat1on react1ons, titration, ‘end po1nt, 1nd1cat5¥s.
Differentiate between acidity, a]ka]1n1ty and pH.
Discus’s how acidity or alk ﬁ1n1ty can bé determined using the basic
equation-N; x V, = Ny x Vo
Describe how a]&a}1n1ty,1n terms of Md7]1ter as calcium carbonate ¢an be,
deterﬂrned by ‘titration"with a spec1f1ed norma]1ty of acid t1trant

\

e
0

\ wi“-«.

Instructional Aids: oo .- . L b
Equipment for titration - ,acidity.
. 3 .

P

#a

Ps

e

“lInstructional Approach:

1 Discussion
Titration demonstration

.

References

Cﬁennstny for Eaborato;y Technicians, Stan]ey Cherim, W. B. Saunders Cb s 1972
Manual of Instruct1on for Sewage Treatment P]ant Operators, Hea]th Educat1on
Serv1ce
L) . N ‘

» A - ’ ’
i R e \
’ .
*
.
' U . .
4 %

-

_'Classzssignnnnts: ' ¢

o Read PP 189 - 192 Chemlstry for Laboratony Techn1c1ans '/~

48
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, g o“ .'. . £ N i o ~ . ) .
e e aofy
°fModule fo: - Topic;— ‘ : , ‘ ’ j' -
C Neutralization . - L . Coe .
Ifstructor Notes: ; '{ Instructor OQutline: - . - o ‘ ‘;

= <

- | Objective 1 and 3 - Determinimg acidity and 7~

. ) L . R -+ alkalinity .
PP. 189 - 197. Chemistry for Simply discuss the mechanics of. neutfalization
Laboratory Technicians - Acid | titrations, how epdpoints are determifed. .
base titrations © Using the Taw of mass action Ny x Vi =
_ ‘ ' " | N2 x.Vp show how acidity is determined.: Give _
- Demonstration of a titration a basic equation form whereby SO’ many mfﬁTiters

of titrant will yield a quantity-~gf acid. . .
Demonstrate titration-of a sample ¥or total
acidity. . ‘ .

-
v a

B (I , .| “Objective 2 - pH, acidity, alkalinity

Emphasize that pH jé“nut nécessarily‘a"
: measurement of acidity. or alkalimity but
. S - merely geasures the activity of the hydrogen .

, | ion; and not necessarily-the total concentration
of"an acid or base sirice jonization is a factor.

.
EX

. .| Objeétive 4 - Determining alkalinity - .
P: 230 Manual of Instruction: | Explain’that acidity is reported -in ems of
for. Sewage Treatment.Plant ~ =| equivalent of Ca C03 stnce many times it is
Operators, acidity, alkalinity, | not known what_acids are present. Show how
i ' acidity mg/l is changed to mg/1 Ca (03.

pPH .~
. \ )
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Module Ho: — Module Title; * : . T
Chemistry for Operators f i 5
. "1 Submodule Title: . .
“= Acids and B | '

- I 1 "l N .
Approx. Time: c1as and Pases < —
~ ) Topic: L. .

1 hour - . . - - . :

‘ .Incomplete/lonization . . : . :
Objectives: X v N .. L _ ‘ o \_/'
Upon comp]etion of this module, _the participaﬁt should be able to: )

10

Indrcate ‘that weak acids and bases. are 1ncomp]ete1y ionized and coexist in
solution as molecules and ions.

2. G}st 2 strong and weak acids and bases found in water and wastewater.

3. Given the ionic equat1on describe the equilibriuf condition that occurs

in a weak acid or base in solution and set up a‘mathematical express1on for«
the jonization constant.

4. TIllustrate how a safi of an ac1d or base contains a conmon‘1on‘

M - R4
- dy - - - ‘—_:1 7 o
Instructional Aids: . L . . .
RS . ~ a % : I ) . )
a ‘ - . o o -
o - ?’%, . . , ?7‘; R Y
® Te P
‘ . LI SN T S
- " 0 -
4 & % & ¥ .
‘ % YXY ) s 8 s 2 Q’ 1 A .
’ . ‘&\;.‘:’ﬂ : x ‘s ‘ M M i
Sonal A . A R N A - B
Instructional Approach: N A T N
' : : L a S G R ~
e S oL ., .
° -0 6 -, o} . . - w 7 e
’A - 4; ) R 0
. . , ’ % R "
References. . \ v Jj-,g‘ R
Chem1stny Made S1mp]e, Fred C. Hess, D‘ﬂb]eday “g Co‘§$1955 o .
™y . ..
" . ~—— . ) . \ ) . ' . ° :,ro ) N . .
JA . te ¢
/' ., O » LT
K ' ¢ - s e, . .
Class Ass1gnnnnts. Coets . . . .
Redd PP. 86 87 Chem1stny Made S1mp]e ‘ ‘ ‘ . .o
¢
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{Module No:

Topic:

Incomp]ete Ionization. . . T

A

Instructor Notes T

4

' In}tructor Outline: . : ~i’*li
- y ;J“ - e "]
¢ _ Objective -1 - Incomplete ionization ° T
- . This concerns re]teratmon of previous Sor 1
' app11cat1ons ' ’
‘ - ] . .' :
. Oblect1ve - Acids and- bases, examp]es )
- Give examp1es of strong and weak ac1ds and
bases. . i
‘ Objective 3 - Equi]ibrium expresS?%n- .
P. 86, 87 Chemistry Made Review equilibrium expressions for weak ot
Slmp1e - Hydro1y51s ¥ | electrolytes and thé 1ona2at1o constant )
, \expre551on. . T
- 4 Objective 4 - Common 1ens ..
N Show by neutra11zat1on actions how salts )
. 7 “carry an ion common t the ac1d and base. S
7
AT
- r- 4 -
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Module No: lodule Title: .
. P ‘ : '
..bChem1stry for Operators Loy
Submodule Title: - . '
) Acids and Bases - ) : 4 .
Approx. Time: : . . :
L34 E‘ Joric: ’ Ny C .
rs > . ’ -
“/ o Buf fers ‘
Objectives: " S =

Upon completion of this module, ‘the participant should be able to: J

1.” Define pH buffers. ! ' . o
2. - Explain how buffers are used to resist changes in pH. -
3. Describe how buffers are prepared. ' *
4. Given the addition of an acid or bases to a buffer solution describe the
", -Mmechanism involved in determining the capacity to buffer.
. ’ / - 4 , .
Instructional Aids: . :
' pH meter, buffer solutions, standard acid. solutions .
] Film if availabfe ' . - ¢ "
A - ’ i Ay
Instructional (Approach: - ! )
Discussion - L < . : . Voo
Demonstration of buffers action. - titration e 7
. . . Y - R H

a.

Refergnces:. o o ;,/""} .
Co., 1972:

Chemistry for Labomtmﬁechnic—ians‘, Stanley Cherim, W. B. Saunders
Instructional Development Workshop, EPA, Utah State University.

Chemistry for Sanitary Engineers, Sawyer and McCarty, McGraw Hill Co., 1967:
Medern Chemical Technology, Chemical Téchnician. Curriculum Project.

L] ~

¥

Class Assignments: = o .

LN

By
-
-

Read PP. 196 =198 Chemistry: for Laboratdry Technicians R

° . -
¢ . . , r . ,
- ° ~ . . .

* Y \l\ -
AT}

0




Page 51 of 77

ﬂﬂodq]e No: Topic;
SRR . _Buffers - A :
Instrgctor.ubtéS: _Instré&tor Outiine: . -0
”ﬁ h b
B OBjectives 1 and 2 - pH buffers
PP. 196 - 198[€;emistry"for Define™Buffers’and how they act to resist
Laboratory Technicians - changes in pH. Indicate the importance of
Buffers and pH - natural buffer systems in wastewater. Specify.

PP. 70 - 73 Sawyer and McCarty
Buffers

—
.

.-

Section 10 Instructional
Development Workshop, the .
. common ion effect and
buffered solutions

PP. 447 - 449 Modern Chemical
Technology - Buffers

the common ions in buffer sx§tems.

"' - ‘( . ‘ s
o /\

Objgctives‘B and 4 - Mechanism of buffering

Describe how buffers are, prepared and show the
actual process of buffering involved for a

buffer solution., Explain why buffers are used

to standardize pH meters. A4 buffer ,

* demonstrasion could be presented by preparing .
a buffer solution and adding acid.” Examine pH
changes by a pH meter. Compare this with a. )
non-buffered solution by adding acid to it -~

and observe pH changes. > .




Hodule Title:
Chemistry ?B} Ogerétprs ,

Subipodule Title::

»

Acids and Bases

Approx. Time:

Topic: i )

ObJectives .
Upon.comp]et1on of this modu]e the participant should be able. to:

t - .
1. List contributors of alkalinity in-natural waters. )
2. Describe why alkalinity as a measure of buffer capac1ty is so 1mportant in
wastewater treatment.: . .
3. Explain how algae blooms .cause h¥gh PH values. :
4. Describe how P alkalinity and total alkalinity is detenn1ned'by t1trat1on
with’ sulfuric acid.

¢ -

W senl

4

e

Instructional Aids: &

. /
Titration equipment

t

Instructuonal Approache

D1scuss1on
A]ka11n1ty t1trat1on demonstrat1on

3

-

<. {References: ‘ .

Chem1stny for San1tary Eng1neers, Sawer and Mttarty, McGraw Hi11 Co. s 1967

*
N

Class Assignments:
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G ' ‘ Page 53,  of+77 ©
‘ Moduie Ho: Top*gc 7 . '
, i © | Alkalinity - Natura) Waters
) 7.'&'/) - A X o
/ : ) N
R Instructor Notes: Instructor Outline:- - v -
oo s ] ' . 0b3ect1ve 1and 2 - A]ka]1n1ty contrnbutors
~ RO R L
pa : PP. 327 - 340 Sawyer and McCarty Define a]ka11n1ty as a measure of 1ts capacity .
VAR A]ka11n1ty. ;i to neutralize .acids. Natur?},waters alkalinity
- - . s primarily due to salts o weak acjds. .
. . Describe ;the forms of alkalinity in natural.
~ -1 - ~ waters ‘stich as b1carb9nates, salts.of |
N i ) .phosphates etc.
’ A
o Objective - A]gae b]ooms and pH
N~ Show how algae blooms in ]agooﬁ/(;ay Jncrease
) .| the pH value, describe/changes in a]ka]1n1ty
' S . forms by equ1]1br1um quﬁtlons for this
N 7, i ) 51tuat10n. TS
O . o . L
: ., - \ Objective 4 - Titration for alkalinity = - °
Demonst+ation of titration Demonstrate how a]ka11q1ty is determined. by
: } } , v titratidn and equate to a simple formula,
, ) ml titrant vs. ‘a quantlty exp{essed as mg/]
N ! . v, a]ka]1n1ty i . ,
. ) : - - q N i e
;«?’:‘,\ - ‘t?' ' . - . N ;
. /Q; }} ; ’ ’ i ’ o !
; - . ; N N _ ) R -' , 1 .
/ o T R UG |
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/f . 3 . , - - . 3 . ;
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2 Module No:. . - ‘Module Title: ) ' o .
L o™ Chemistry for Operators . ' N
\ . | Submodule Title: ) ) ' '
- — | Acids and Bases R L - |
y / Approx. Time: . . i -
N ] / . ' Iﬁpjc: N . Y , ) Lo
’ 3 4 hOUY‘ ) . . . : .
N ‘ _ . Acidity in Natural Waters _ ’ : - |
ObJectives. ' B ‘.@_ T mee —
& - % - + . - .
Il Upon conp'letwn of this module, the parti c1pant shou'ld be able to:’ ’
g
S | . Name thg most common sources of aeidity in natural wate§
: 2.° D1scuss§why ground waters contam large amounts of CO5.
‘ ’ N N ; .
< .
f ’ » ) i‘ ! T 7[ " .
» ) . . s PR N
4 ' § . : .
- Instructa;e aﬂ Aids: $ ‘ o .
. 33 J " g B UL — .
—_— . b .
; i : i ' ‘
— 5 ‘ ' ; g """" o . — N
i ¢ b » ‘a 3 * : ~\
. 3 { S ‘
3 > L4 = ~ ‘j - ‘"j ‘
: — 7 — = s
- Irgtructwn Approach . . - ;
R R 2 i g 3 .
. D1scuss1onf <, . 3 L ; R : |
> i’ % ! ;4 T ) [ i IV ) . ’ "
W _ 13 A i v 1y ‘
) 1 i) . . g 3 n . -t N .
: o References. i g ) ! ! s
r i ] 3 X et v - - v
hantt i Cher’m‘stry for Sanitary Engineefvs, Sawyera an%i McCarty, McGraw Hill Co., 1967.
e T, J E ' N B v . .
} - i ) AR i- ~ 4 : - *‘!h - ‘v .
1 N IR B 4 , : s - y
s - } . l; PN . - -
P : o A - \ o
. c}ass Asswgrlents. . ? " - S ,' V -'.
. d PP, r San : o .
= ’Rea 3?{ 322 Chem1st Yy for a:tary ngineers < T
Q o }

3 -
K
. 1 . P e
+ . ~ . : o x , - ' .
L. . ; . N ) )
.
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. » ' . Page 55 of 77
— — — =
5 JE Modul.e No: .| Topic: S >
~ RS DR . Acidity - Natural Waters .
. . - - . . - \
. Instructor.Notes: ] -4 Instructor OutHné“: N
- ' I V- . '< a ‘ - Y -
. - \ & )
; . g ‘ Objective 1 - Acidity sources . R
PP, 321, 322 Sawyer and McCarty| Discuss sources of acidity in natural waters.
. F~Sources”’and Nature of Acidity o s < -
. : ' . “"- 7} Objective 2 - C0 iR ground.water
' ; Indicate the reasons for high concentratiens
' , . of CO» in ground waters.
. - - A : '
r ’.‘ 5 .
o » ‘ T
. ; ,
v H ’ * A
; .
- g 4 =
- i‘i’. . 4 * i ’ * '
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Module Ho: Module Title: . V B
.o Chemistry f R - 2
emistry for Operators g ~ . ufg& .
. . Submodule Title: o o ‘o :
Approx.:Iime: Solubility EgejliberThw:‘ i
: Topic:, . . .
25 hours Solubility Equilibria
Objectives: :' 5 s .
Upon completion of this module, the participant should be able to: - - o
’ . . * ] h ‘ * “ A
1. Explain that insoluble is "relative" and means ;]idhtly soluble since all salts

dissolve’tY some extent. R
- +Given ealcium carbonate as an example) explain that as "ins

otubles" dissolve
they do so as ions and result <in solid-ionic equilibrium. ’

kid

2

) . A

3. Given an insoluble compound describe the equilibrium equation and the
mathematical exprassion for the solubility constant.

4. Discuss how the addition of a common ion will upset the equilibrium and how -
thé stress is relieved. T : . )

5.. Examine how slightly .solubte compounds have” differing degrees.of solubility.

Instructignal-Aids: ,
~ . . ; ’-

S . s

Instructional Approach: -

|
Discussion™ 4 - .
» M - ’3 '} -? 4‘?
. b} * i Y ; j . ) B
y by o
References: ) .t ; -
{ Introduction to Chemistry,” Turk, Méislich, Brgseia;’Ariﬁts,_1968. .
Chemistry Made Simple, Fred C. Hess, Doubleday and Cp.] 1955.. 8
| Analytical Chemistry,“Pietryzk and' Frank, Academic Pre#£: 1974. .
‘ a i * [N } :
?é‘,v * 1 . R v ~ T g ) 0 \\:
K . . L - ' , Sisionian.
s v i » '

Class Assignments:

L~

Re§d~PR.'87.~‘89 Problems Set«# 11. Chgmisfnyﬂﬁa
o e 2 '91:,\. l . \
s . ' JS8 M , ; !

N

de Simﬁ]e“'-.
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‘ Module "No: ? Topic:
N Solubility Equilibria ~
R :q;(- — ‘. “ z _ T — -
o Instructpr'ﬂotes:- Instructor Outline: * . ' L .
i -~ 3 : —~4
/) Objective 1, 2, and 3 - Insoluble solids, .
/ — = - “SUTDbi1ﬁ137??TTVFTﬁ?ﬁa
o Section ‘7, Instructiona] Redefine solubility and 1nso]ub]e so]1ds, point -
. Deve]opment Workshop -. ~ out that "insoTuble" is a relative term-since ‘
‘I Solubility Equilibria all salts dissolve to an extent. . Re-examine. <
thé reversible situation for so]1d -ionic y :
N PP 87 - 89 Chemistry Made equilibrium. .
A Simple ¥ Solubility Produtt . ‘
\ , ; Define the mathematical expression for so]ub1]1t¥
2 / ‘ products and define symbols used ?
. . ObJectave 4 - Solubility, commofi ion 3
, - ; o ‘
) . Show how the addition of a common.ion from an
‘ -external source will upset the equilibrium
) j 1 condition.and resu]t in dep051t1on of the solid.
- * . .Objective 5 - Degrees of solubility . - i’
! . ¢ Discuss re?at1ve d]fferences between solubiliti
' . and solubility products for unlike compounds. }
» " Indicate that some compounds, which contain a i
3 i bt i 1 common ion, may precipitate out sooner or later !
L, : . . than others depending upon the magnitude of the j
} i 1 solubility product i ‘
Vo - . o
, f b Exam No. 3 : ) '
E q o ‘ 2 ) L é
N . ; . ’,n e -
.§" ‘3 ) -.% . & . { \
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Module No:

Modu]e Title:

Chemist

for Operators . . .

Submodule Title: ° : SN
Introduction and Compoundls -

- Approx. ije:

1 hours
GBJect1ves

est1ons.

-

Upon. completion of this modu]e the participant shou]d be ab1e to answer correct]y
70% of the evaluation, !

¢

-

EValuation Questions: . >

3

in elements, relative to each other.

1. Using the per1od1g table find the symbols for the fo1low1ng elements and 1ist
their atomic weights: Ca]c1um, sodium, nitrogen, iron, ch]orrne, magne51um,

, Mercurys . . ’

2. Given the compound CaC03 1ist the elements 1t is composed of and the re]atlve

§ quant1t1es of atoms 1n the compound. _

3. Describe the general positions of neutrons, protons, and electrons of atoms

- charge

3

s

-

L)

£y

Py

‘Differentiate in terms of electrical

}
k)

P - L1

Which e]ectrons 'of .the shélls of an atom are 1nvo]ved w1th chem1ca1 reactions.

.

7.

o Ny st a = - -
- ) o T

. For the compounds CaC03, Na C]

an1ons which these compounds may*produce

NapS04 , HC1 Ca (OH) , identi
L1st the va]ences

/

Define rad1cals and give the vaTences of the foT]ow1ng radicals:

C03 ‘
.y

Make foﬁmu]as for the To]]ow1ng

Na and SO4 Valehces Na = +] S04 = 2

.Ca and C]*Va]ences Ca=+2 Cl = -1
f"Ca;and OH Valentes "OH = -1
s* Ta”and HCO3 Valence HC03 = -1

Na and C03‘Va1ence €05y = -2

Note thaf subscr1pts are hecessary

i

e W e

.%g
i
]
i

1

1S

s

fy\cat1 ons and }

OH, S04, NOs,

’

.

“

R R
.
-

8

e e

9.

. 3 ¥
Wh1ch of the fol]ow1ng cat1ons are genera?Ty associated w1th water hardness
7 ol -

' Catt, Mg** Fe++ Hgtt, Pbt+ | Batt S g EER
Find tﬁe molecular weight of the%folﬂoming:’ | f; ‘ - : <

‘. ’ "&;' vi - ‘

_EVALUATION - Part A - Covering Submodules Introduction and Compounds
N - -
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10. Given 20 grams .CaC03, 10. grams Na OH, 33 g. Ca (HC03)2 compute the
number of mo]es for the compounds. .
11. Def1ne al mo]ar so]ut1on of Na OH, .1 molar, 301 molar.
12. State whether the fol]owing is a.pompound or element:’ .
a_.~ * | , : ' -
p - - . § . -
Fe ~ ‘
Na OH ? ‘ i’
Ca (oH), : ’
Su]fur1c acid ) . - i {
Lalcium bicarbonate - : 5
« R ‘S H
13. Ind1cate whether the following statement is true or false. . Water 1s ‘
cdmposed of 2 atoms of hydrogen and 1 atom of oxygen. } . ?
) « i -3‘ ot Oar ‘n:‘ ' - N [ L] 9 ‘:; 0t *2: ‘ ". ‘:{‘
. Q‘i - . ' ° i’ ‘ 4 ;
, . ’ H ' g
. B 3 . ) é
~ - ) ‘. ]
: Sl S
M ) ' z” ' ‘v\ ‘
- ; ‘ ‘ (R i
Y i " Y E v
: 3 i, - )
N _")s . ’ ’ LR s * | "L
o i .‘;.‘ 3 vt 4 o °
N e, ‘. ¢ } ? . ? A ;
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: ‘ S S o T }
N\ SRR RN, |




v L ::>~. C oo . Page__g0 of__77 -

& ¢ - -

Module No: . | Module Title: . ' ,
_— = Chemistry'for Operators ) ]
i .« . . [Sibmodule Title:
ApproxX>-Time: Chemical Equations-and Solutions = . .
1% hours "+ | EVALUATION:-- part B -"Tovering Chemical Equations and Solutions
OB‘ectTves: 7 T .. . S,
Upon completion of this module the part1c1pant shou]d be able to ansWer correct1y
*70% of the evaluation ‘questions: . ~ L
«*% +| Evaluation Questions . ' ) - oL -
: g = o
- 1. List the reactants and products of the following reaction: HC1 + Na OH
Na C1 + H,0. o '
, 2. Show by equat1on form how hydrogen flouride .ionizes into 1t§ component ions .
3. True or False. A1l compounds that 1on1ze do so to the same extent
- < 1
«4.~)Indicate whether true.or fa]se. a . )¢
i _' a, T F_ E]ect;QJytes d1ssoc1ate into jons in solution. - SR

L b. yT F.Non-electrolytes: d1sso¢1ate into molecules in so]ut16n 1
- ! - l h i
5. Given a so]ut1on of Na OH (sodium hvdrox1de) in water which is the solute and

. so]vent ' . ok . j o
< 6 Define aqueous solution. L i K
. 3 : i ? 7
’ +7. Define the d1fference between concentrated and d1]ute solutions ;nftermsLof
b amount of selute 1nasolut1on o . - %
I - . R

8. True or False. —A 1 mo]ar so]ut1on is more .concentrated than a ? molar - *
solution: J ) : =

. 2 . ‘ T
- .z L

. i - ) .. R
9., A .25 md]ar so]ut1on of H2504 contgins how many moJes in 1 Jiter}.grams in

1 ]1ter7 VAN

3 . . . , oo }
r 2t h ) P ; - » 4 ‘ . é -
|10, - Given a 3*noﬁma3 so]ut1on of Na 0 how many eqirivalents per liter does it
j“‘ " conta1n wret .o 5 )
i 1. which of the’ fo]]owing norma11t1es of HQSQAh(sulfqric acid).ie mpre concentrated,
bt IN, 6N ‘12N? = o , IR
B2 L . . ! .__ﬁ ¢ 5 L. i : .
12.° Can-solutes be dispersed in water so]ut1ons 1nto molecular and ignic forms at the
.same time? Yes or No. - . A A N
(3 A . "o .4 v, )
- 13. ‘Find the equiva]ent weight of the %o]]owing' CaCO; 'Na OH, HCI.. .

14, - Given 10 g..of CaCO d1sso]ved in 1 Titer computeJthe nuiber of;equ1va]ents of .
& CaC03 and 1ts normalit - s

Q0 _ ‘ . S , ‘
CRRICY L .
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Define solubility for solids in ]fquid; and'distinguish\betwéen saturated
unsaturated, and sup@rsaturated in terms of relative qua
- ~4,

in solvent. . ..

True or false.
of dissolved oxygen decreasés.
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Total ianic content can be measured by what method?

4

+
L}
4
1 ]
Yy v }
N
3 -
.
3 .
3'.
.5’
i.
}.
R /

V Total solids Minus suspended sg]idﬁ equal ideally what form of 'solids.

As the temperature of a'lagoor increases the sglubi]%ty :
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Moqyle No;

1.

-

~Module Title:

ChEmistry for Operatbrs‘

2

Approx.- Time: °

Submodtle -Title: ] . _ :
Chemical Equi]ibrium,aﬁcids & Bases, So]ubi]ity EquiTibrium.

- . Py gw ‘ : ‘
1 hoﬁr EVALUATION -"Part C - Cover1ng ac1ds & bases, so]ub1]1ty equ111br1a *
- . ~. )
ObjectiveS' - o A

T Upon compTét]on of this module the
"1, 70% of the eva]uat1on questions.

3 o -
1. “Define revers1b]e and non- reversab]e reactioris. ¢
2. Show the mathemaﬂ1ca] express1on for the equilibrium constant for the weak acid HF.
/' . )
-3. Explain Qhat an TnCrea ¥ ons in No. 2, above w111 do to the gquilibrium -
s1tuat1on L . ~
c” ‘)‘ // .. '
4. Defipe aéla and»base Tpr i protons. i~

';f

k

5.

6. a. ‘Tor;
T or

7. Bmeﬂy

T;ue—or

Show the
s]1ght1y
1om and}

¥

“Given 10 fnl of acid HCT: ( IN) how many: m1 of .01 N Na OH are requ1red to react

¥

f*“"*ﬁ%

AT i 1Y

Give the «ichem ca] equatwn for the react1 on between Na OH a

Sitate- LeChate]1e
T‘* pH is a’;nctmn of

the

to neutr lize the acid.
List whether the fol]ow1ng are weak or strpng ‘acids.
Define p gbuffers -
Name the'%onmon»ion wh%ch HC1 ano Na-Cl1 contains.
Briefly-e p]a1n!why ground waters conta1n re]at1ve1y Targe amounﬁs ‘of COZ

Exp1a1n why a]gae b]ooms ‘may cause high pH va]ues

]

Ise.

énathe t1ca1 express1on for the equ1]1br1um constant for the
so]ub e salt Ba SO

parti‘cipant should b able to answer correctly

-

|

nd HC1, show products;

-~

4
-~ [

Strong acids 1on1ze 100%.
Weak acids ionize 100%.

rgs pr1nc1p]e

concentrat1on, "

pH sca]e shOW1ng neutra] b sic andfacidic areas:of pH

“Use the equation N1 x V1 = No x V2

P

32504% HpC03, HCT; HNO3 -

yvf ;

LN

p
Al -

>~
>

N

“ 3 a

-0y

<

8

RN v

"

ATl so]1ds are so]ub]e to a certa1n degree, some more than others.

4 (Barium sulfate), and def1ne Kspo Batt -

ions. ¢
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20.

,

“For a saturate so'lut1 on of Ba 504 how m'l'l an increase in S04 ions from
i

an external sburce upset the equi br1 um s1tuat1on and how is the Hstmss"
re'heved :

Act1vat‘bd carbon is sometimes used to _

. {adsorb, or absorb) solutes
outrof*szﬂuhmr‘—— ,

Defin€ osmosis and dialysis.

>
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Module: No: , Modu1e T1t]e !
| v " Ciremistry for Operators ' | oL
> Submodule ‘T1Ft]e. -
Approx. Time: Introduction and Compounds ) N
|- 1% hpurs” EVALUATION - Part A - Covering $ubmddules Ihtroduction and Compounds’
. . © 3 . - K o i ";, ~ 7
Objectives: >
;| msueRs ' | .
1. Ca.- 40.08 ; o R ‘ h
.Na - 22.9808 o : ;
Y N - 14.0067 « ‘ S ' ' .o -
, |+ Fe- 55847 ) : . .

* ,C1 - 35.45 ;.
! Mg - 24.305 | <
" Hg-200.59 G

¢2. Ca C03 is composed of ,Ca (calcium), Cs(carbon) and 0 (pxygen). Relative quantities

' are 1 atom Ca, I atomC, 3 atoms 0. - .
‘. ‘;3. E]ements are composed ‘of atoms. Atoms consist of a nuc]eus core which contains
\ , ‘neutrons and protons and clouds or shells of electrons. orbiting the nucleus. The
. atomic number détermines the ‘quantities of neutrons,.protons, and electrons of an
< - atom. . P;Z{S:S - pos1t1ve charge, e]ectrons - negative- charge, neutrons - neutra]
- : (no char : . : - -, - '
5 ) ' s d
T4, Electrons in the duter sheHs of an atom.
- <« 5. > "5 cations (va]enceé - amons (va]ence)
. cacog’ e’ f+2) oy, (-2) radical = -
i - " 3 § } ) . . . - T T \
y N.aC] Na . i(+1) B L »C] - (“1) ) E' - o :‘
EA - L 3 e - -
. '% -NayS0, - . Na §+1)- - .:S04, (-2) radical - N ,
P r o ‘. i - Te . /
N HC1 ! H: . +1 ) - - (-1 . DL e g
R Voo, e e o
i .Ca(OH)2 " Ca (+2)~ , OH . ( 1) radical T
> B - R
6. Rad1ca]s ,cons1st as groups o‘P e]emer%ts whlch will a]ways act as a s1ng]e umt in
“h "a chemical compound o{r reaction. (-‘, ) . ., . e .
. W . - 3
) ki OH)(hydroXI de) 1 ' N s b
' . - i s - ”,
. S04 (sulfate) -2 . é : . ;
= ‘ ) , ] ] 2 _ ot P
R N03 (nitrate) -1 / . g P . o
. - “n . s .t :‘ - . *~ M . .

Mt
e

ht 4
-

003 (carbonate)/

.
-

L N T ‘ - « )
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- &
. 7. NagSO4~Sodium sulfate . ‘
1 i . ‘,- A
- v Ca Cly calcium. chloride J . '
e g {IaA (6H), ?aICiVm hiydroxi'de“ _
' -:‘;." " Ca (HCO )2 calcium bicarbonate ‘
N ’ y‘;ﬁ 3 2 . L. ‘ >
) Nap(03 sodium carbonate -, C, . e
) 1 Mg '
- 18 cat Mgt Fer
: ¥ .9} CaC03 = 100.08%2 (100)
Ca (HCO3), = 223.1313 (223)
. X . »»
, ¢ NaOH = 39.9971 (40)
HpS04 = 98.0734 (98) = == ’ 5
6. M ’ ..
; - Si03 = 76.0842 (76) . ” ;
: " Cl, = 70.906 (71) -
i} "410. .2 foles CaCO, !
. z - -
b e ~ o f :
. .25 moles NaOP,li C - . , ,
; -148 moles Ca-(HC03)p . j .
; g2 ~ ‘ R S P "
- 11. 1 molar solution of NaOH is 1 mole of NaOH per Titer of solvent, .1 molar
I I is .1 mole NaOH per Titer solvent, .01 molar.is .01 mole NaOH per Titer
o solvent. ;o c e e T
\ . & : e
o 12. C1 - element’ ! 5 o ‘
* s . . _’). ; 3 , .?‘] 503 Y
F ~ 8
3} ' Clp - cgmpqungv‘ o PR e "
T ‘Fe - element - :
| SOEEEE v
2 - NaOH - compound - -~ 2¢ : .
¥ - ,. e ¢ .3 . §} j.’ >
! " Ca (OH)E - compound o . 5. T % ce -
& i . ] R - A4 ’
N i < 'i > - ‘j‘ o ’6
PR SuTfuric acid - compound - - g ..
. - . Calciuin-bi carbonate < compound. =~ | .
b . . ’ . o ’
o : 13. Water - H :
\)‘ M - 20’ Tf‘ye
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Page 66 of 77 .
Module No: Module Title:
- ' _-Chemistry for Operators o L
oo , Submodule Title: - oo, ¢ .
Ap%g?{(.: ’T1me: . Chemical Equations and Solutions - -
1" w&'% / ‘ ) ) . . . . o
1% hours: ! EVALUATION - Part B - Covering .Chemical Equations and Soluti6ns
‘ Obgjectives:
| AUSHERS A : s L
1. Hcl, Na0H - reactants L . .
! * ' : . . C 3 !
NaCl, H20 - products } ' A . *
~ 2. Hf Wt F, ‘ ' .
3. False ).
o \ ) h . L%
4 a. True . i
b. True : : '
' ] % ) Y
5. NaOH = solute : . t
Ha0 = solvent - . . ° ‘ - ' ’ 5 ‘
6. Aqueous solution is«a solution of solutes in a water so]vent Aqueous is e

- demved from water, C g R , NP I
sl . o ) ’ ) .\ - 4

N LT Concengrated cqntalns more solute in solution than dilute solutions. A L

R * cone nt,rated solution contains a substantial quantity of splute, a dilute . | '

: solugion contains’a re]at‘ve]y sma’l,g] quant1t_y of solute relative to the O B

) ) . quanitity of soTvent ) - - y;\\ "

‘: 8. False R T ' <
s : ; *«W : f !
: 9. .25 mo]es, 24 Sﬁgﬁﬁs . . . o, 3 e

. 3 ” I P )F )‘) K )2 ’ ‘ 3 >
» % 10. .3 eqinva]ents L., i ' L o

jv R s S L s . H : .

e 1. 12N =& . . : e ’ BT
13y : S S Yoo, ’.))}s ; h ) x‘, 1
2 Yes S ] . T |

* N ) ' ; : ' ‘. s - g

i 13.- CaC03 equ1 va]ent w,e1ght 50 fo ot o ’ ;

'14' . 4 AN :is . . 'u ] 4
T .N4OH equ1va‘lent we1ght‘- 40 L h . . f )
l T_ﬁ% NC'l equ1va]ent we‘rght 36.5 / R (Y
e, . ' . ) R
- l1a. 2 equ1va]ents, 22N ' Y : , ~ - /

Z‘:;‘ M } . oo v A ) :iﬁb w1 J ’ ro3 1
Xj{-, 7 5 R A | o A A /o, . . =
5. ©
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Solubitity of a solid in’a Tiahﬁd s the quantity of solid that dissolves
in a given quantity of sglvent to form a saturated solution. Safyrated
maximlm amount of solute allowed to- dissolve-

; Unsaturated refers to
a less than attainable quantity of solute per quantity of solvent, and

supersaturated refers to an over -maximum quantity of solute per given
quantity of selvént. - - . . .
[4 ’ -
Conductivity, conductdmetric measurements.”  ~’ . o
) T Yo, . N
" Dissolved solids - o : . - -
' . - - &— 1 * ‘.' ) -
Tme N . - M - . = . / . ’ . :
. N -
» * )
i 2\ - .
¢ ’ \ ‘ (; . '/ ’
'\ -
v ) J / o ’ , -
‘ e
- - . e \.
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; i | Moduwle No: .| Module Titlet ° - //’ . L §
- .+ | Chemistry for Operators o . .
5 Y - : . . oo S— .
g ’ % Submodule Title: . - A
;| Approx. Time: -Chemical Equilfbrium, Acids & Bases, Solubility Equilibrium
) 1 hour EyA}UATION - Part € j\Q_over'ing acids & bases, solubility equilibria
B ' ; : .
“Objectives: ’
‘ ANSWERS )
1. Reversible reactions are those which produce products from-reactants and may also
142 - reverse to produce reactants from products.’ An equilibrium condition is attained
: - - whereby both-situations occur simultaneously. Non-reversible reactions are those
T which go to completion, all reactants are used up "for the reaction" to produce
' )  products and there is no equilibrium situation. ©
R il -
.~ 2, HF HY + F~ . : . . ’ -
. Ka = (H) (F) -, ‘ Y ,
4. HF . ) . A
. »
K 3. An increase in F~ jons will cause a shift in the equilibrium condition resulting
) in an increase in the numerator value for the equilibrium expression. f order -
to maintain Ka (jonization) constant for the acid involved)-HF will increase due
-to a torresponding decrease in H' ions. Ka is maintained. Note that since
decreases a pH increase also results. ~ !
4., Acids = jproton donors - ’ 7“ T - S
o ‘Bases = proton acceptors _ e
~5. NaGH + NC1 NaCl + Hp0 « - -y L .
- . . N .
6= a. T ° Lo | ) _— -
t - b. F o - ' ' ) . PPN
’ ’ / - ‘ . ‘ ‘ y_"‘-’ - N - . , .
7. LeChateliérs principle states that a reaction, at’equilibrium, will adjyst itself
: i?_such~a,Way as to relieve any force, or stress, that disturb e 1librium..
8. Hydrogen ion o i T R
. . |- e E i
~’ _ |
cS .
. -
. ~.’ ' ) ' §
%‘: . . c‘;f’,
P '.,’ l,- ' ) iz %
, 4' . :5‘ , A ha
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— " ::? ‘
8 ‘. - n ) 4 N + Tl
9. 14 ~% : . J
- 13 : . ‘ , . . . |
12 . . - ) T |
11 T e ' -~ ’ ‘ l
10 increases basic . S ) \2\-1
9 . - . : . [ *
pH 7 neutral .o "
6 - : - |
5 .. N . . ’ s
g #ncreases acidic . e ‘
=2 . ‘Tl o ) ) 'w-“% o‘ ,0“ s @ B
1 . . , .- ;
0 , - |
10. 100 m1 of NaOH are, ‘required. _ ' ' . )
1. HpS0y - strong
:° HaC03 - weak , ]
_HE1 - strong, U . N
. HNO3 - strong R ’
12, Buffers are subs:tances in so]ufiop that bffer'a‘resistaﬁce to changes in pH:
as acids or bases are added to or formed.within the sotution.- SRy
13. C1 ion (chloride) e o . ’
1'4. High concentrations’ma’y result from bacterial oxidation or orgém‘c matter
with which the material has been in contact, and under the conditions of
gmuna\g" the carbon dioxide is not free to escape”to the atmgsphgrg. .
15. Algae.use carbon dioxide .in the]ir bhotosynthetic activity, and this
removal is responsible for such high ‘pH values. ) - r
16. True - . ' . ' L .
17. BaSOa(s) - Ba*t +S0p = A 4
Ksp ,= (Ba) (504) X ; H . ~ . ‘ " ) . - . e

Rsp = solubility product constant =~~~ -'=




; b} 3 Ca ! ~
~ - o 3 3 ? N
1 . j > ;'{ .'I -
. [ ~ :; N
- . g, , ‘ N
. . J ; - - ]
. ., ) ] L
1 v o -~ - Pa
‘ \ . ge 70 of 77 .
. ] 5 i y R . ;
N LR 1 . —
- / o 18, -If the sulfate (S0,) concertration shou]é‘be'_‘inqreésed-by addition from
. R an external source’the concentration of Ba ion must decrease and the
‘ amount -of precipitated BaSO4 must increase in order for Ksp to remain
the same.- s ) . - \~
\ * -, !
19. Ad$orb ’ i
.. - 20. Osmosis is the movement of a solvent through a membrane which s«
/' ‘Impermeable to a solute. . The direction of flow is from the more dtlute
- " to the more concentrated solution. Dialysis is the condition whereby ions
. are_caused to pass through a wetted membranesof 'a particular permeability -
’ - while large molecules of organic compounds or colloids are unable to pass
‘through. Thus a separation of solutes by dialysis is achieved. .
\ . - : ~ . |
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, HANDOUT No. 1 - VALENCE .
. , 3 =
A. Common Radicals. s L.
, -y . .
. Name Formula’ Valence v
: S T a
’ S . Hydroxyl- OH .. . -1
Nitrite Nog -1
Nitrate  _NO3 | - o
Suffate. -k“*SO « -2 ”5/7i5 '
&< | AR A
e Carbonate CO4 i -2 . § o/ J
. . - ) -
Bicarbonate H 3 -1 - 1
. Phosphate _ PO, - . -3
:  Silicate sio3 =2
g AmBniun . <.NHg 4 41
Cyanide . éN PN -1

-

,B.,'Examp1es of compounds and ions of. compounds
v Ca1c1um ch]or1de CaCl, yields Ca (+2). and C] (- 1) 1ons
Tcium carbonate CaC03 y1e]d Ca (+2) dnd €03 (- 2) iong

o
.t

Sod1um nitrate NaN03 yleld Na (+1) and’ N03 (- g) ions

’ Ammon1um hydrox1de NH40H y1e]ds NH4 (+1) and OH

Magnes1um su]#ate MgSOs yields Mg (+2) and S04

Calcium b1carbonate Ca (HCO3)2 yields Ca (+2) and HCO3 ( i) jons

.Sodium carbonate Na2003 y1e]ds Na (+1) and CO3 (- 2) 1ons

’ Ca1c1um hydrox1de Ca (OH) y1e1ds Ca (+2) and OH (-1) ions
Ferric ch1or1de FeC]3 y1g]ds Fe (+3) and €1 (-1) 1ons

Sodium ch]or1de N&Cl yields Na (+1) and CT: (- I) jons ’




. Cupric si¥fate Cu504 yields Cu (+2):and S04 (-2) ions

A]uminum\sulfate Al




10‘0.'0'88 may be rounded off t& 100.

b

- Mole - the quantityof a* compound equal

o

HANDOUT No. 2 - MOLECULAR WEIGHTS

Al J

Formula, or mo]ecyTar weight (MW.) f<the sum-of all }he atgmic wei_ghts of

the elements present in the formula of the compound.

Ex. Na(j atomic wt. of Na = 22.997

atomic wt. of{C'l 35.457
Molecular st. M.W. of NaCl = 58.454 "~

H

N H . J i3 . ’
Ex. CaC03 atomic wt. of Cu = , 40.080
atomic wt. of C& 512,011

Molecular wt. M.W. of CaC03 =., ° ~ 100.088

1
)

¥

Note that 3 atoms of oxygen a:‘““"’in the- fo?au]a and far pf'a,ctical,purposes

Ex. Ca T0H)2 atomic wt. of Ca = o 40.080

atomic st. of 0 = 15.999 x 2 = 31.998

-

[
4

y - -atomic wt. -of H= }.’0&8 x2= 2.016
‘Mo]é’cu]ar’ wt. MW, cff ('I'a'(OH.)',Z = j '74.094
Ex. CHy atomic wt. of C - S, ot

. Latomic Wt. of H = 1.008 x4 % _4.032 ,
MoTecular wt. MW, of CHy = e ?15.043 s
in weight to its mo]ecu]estéight or

-

formula weight; may cgntain‘ fractibns thereaf. . ] g A

- - o A
Ex. 1 mole of CaC03 =-100.088 units, usually moles are expf/ sed in gram -

amountg 'so 1 mole of Cag03 = 100.088 grams.rl
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p ‘ 3

Likéwise 1 ﬁgl.!ff NaCl = 58.454 g. g o

1 mo]e of Ca (OH)> = 74.094 g.

4 moles of Ca (OH), ='74.094. o x .4 =29, 638 g

A mo]es of Ca (0H)2 = 74, 094 gx.l=7. 409 g.

o 2 moles of Ca (OH)z < 74.094 . x 2 = 148.188 .

Dr g1veﬁ‘the quantity of a compound in grams find the number of mo]es 1t
contains. a ' I . )
‘ Ex. 38 grams of Ca (0H)2 are used to make up a solution, how many moles

| would that be?

,|<

Actual weight = No. of moles 3849. = .513 moles

= MoTecuTar weight . 78.094 g. » e

1 4

. Ex. 29 grams of'NaOHﬁ(solid) are used to ma&e up a'soiution, compute the

LI

number of moles. : -

Na atomic wt. = 22.997‘9.. :

-0 atomic-wt.-= 15.999 g. °
o - Hatomic wt. < 1.008 g. - :

Mo]ecu]ar wt. NaOH = 40\004 g. . “ I

, “ * Actualtwt. = 29.0 g. .725 mo]es of NaOH . - ikﬁ -
’ v o, M./JN'. . 40 oo,g - $, - & ’ ., ¥ 4

* - an .& - o

A mo]ar so]ut1on of a compound’is the numoev of moles per 11ter of solution

Do » (™). & solution wh1ch containsﬁ?unalf mole .of compound per 11ter of solution
is des1gnated as gﬁM, and so on., . f: - ’

Ex To make a 1 M (lmolar) so]ut1on of NaOH 1n water 1 mole or 40. 004 g. . |
,(5011d) would be added 'to. a container and water wou]d[be f111ed to make a

total of 1 liter. ¥For. a ‘SM so]ut1on 40 004 X 5 or 20. 002 g. wou]d be used
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Ex. Prepare a .15 md1ar ‘solution of Na,C03 to t6 fmd the number of grams of
NapC03 requi red. .15 mo'lar 15 moks of Na2C03 ;
M. W. of NayC03 Na at wt. 22 99‘7 X 2 45 994
' * .~ Catwt. = 12,011 ,
0 at wt: = 15.99 x 2-= 31.998
| M. W. Nayco3 = 90.003 : -
1 mole at NapCO3 = 90.003 g.
.15 moTes = 90.003 g. x .15 = 13.5 g. -
Or 13,5 g. of NayCO3 would be used per-liter to prepare “a .15 M solution.
- ! s “"P v #
L - J )
- . @ ‘ .. . »
- =" i ) -
| - - R
~ t Id ~ ‘
12 e v 0
. ’ _— -
N e ' "
A ‘ - B \’
1 R . .. :
.. » - ! ¢ s 4
" S 4 4 T ;
“m AT " , -



Page 76 off 72 .
- * e

i

Y

HANDOUT NO. 3 Q‘NORMALLIY

Norma]ity“' number of equ1va]ents of solute per liter of solution *

Nyrmalnty (N) No. of eqy1va1ents
’ llter of solution -

6N 6 equ1va1ents/11ter
IN l.equ1va1ent/]1ter
" .16N = .16 equivalents/liter

. of "equivalents = actual weight of the substance
P ‘ equivalent wgight

; gquixplent-weiéht molecular welght 4
valence™

Q

1o detgrﬁine equivalent weight, valence of the compound must be found. . The

: v 4 . - .o
;}oducp of the valence of.the positive part of a compound time$ its subscript

-gives what is known as the numbgr of rgplaceable hydrogens of net positive ]
jva]?nce. 7

JExamQ]e . .
Ca**C04 =2 x 1 = 2 valence
Na* C1- ="1'x 1 ="1 valence

H¥p S04 = 1 x 2 = 2 valence
<

.Ca* (HCD3)" = 2 x 1 = 2 valence'
H'Clm=1x1-= 1 valence " -

o

To determine equiva]ent we1ght of’Ehgse compounds. takgéthe molecular we1ght/

va]ence . .
N~ :
Examp]e - .CaC03gmolecular-wt. = 100 = 50/eq. wt.
. 3§Ténce =Y2~ o \__,//'

>

: A
If for exanp1e 22.5 g. of CaC03 were r1ssolved to 1 Titer of water 1ts

N s determlned by v
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’

Equjvalent wt. of 'CaC03 =

! . . 3

No. ‘of equivalents = actual wt. - -2.5 = .45
¢ eq. wt. - 50 '

Noﬁna]ity .45 equ1va1ents/]1ter 45 N

*

Nonna]wty and equ1va1ents are useful swnce 1 equivalent of compound (A)
will react exactly with 1 equivalent of compound (B), 3 equivalents with

3 equ1va1ents and so; on ) D -

e

Reactant A + Reaqtant B = Product € + Product D -

. 9

. For example 1 equivalent of an acid will react with exactly’1 equjﬁhlint of
o -

a base. s L_' k- T
-1 2 - 3 - 4 -
HC1 + NaOH  NaCl + H»0 : N
Acid Base Salt Water . L

-Using the basic equdtion: Nl X Vl = N2 xVp
. N

Nonna]ity-o? reactant 1 x volume 1 (1) noritality of reactant 2 % vo]ume 2 (1)
Suppose that 500 m1 of a sample ¢ontaining HC1 is titrated w1th NaOH (.5 N)
and 10 ml. of NaOH is requ1red find N of the HC] acid. ’

»

Nl X Vl = N2 X V2

Npx 551="8Nx.011 /. .
i Y . . -

Np-= .5N x .01 1= .01 § HCI
S S




