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Chemistry 131 includes both lecture and laboratory work. To better:
understand chemistry, we believe you should become acquainted with
fundamental principles and concepts and be able to apply them in the
labeoratory. Our goals in this course are to:

1} traim you to think scientifically {dgveimg curiosity),
2} train you to think analytically (solve problens),

3) provide you with scientific information of professional and
" soglal value,

4} prepere you for future scierice and enginsering courses,

5}  teach you hasic.ahemimnl principles,

6) develop your ®rbility to communicate scientific infﬂrmﬂtinn,
?} provide vou with laboratory exp&riénce.

As 1in most science or engineering courses, General Chemistry is
difficult. ' To be successful, you muat commit yourselves to acadenic
.excellence. You must diligently prepare for each class by reading the
assignad portions of the text and working as many of the homework
problems &8 you can, be attentive in clasa, and be willing to ask
questions and seek extra inatruction. You were selected for this
course on your  past academlc experience and performance on the
chemistry placement exam = you have the ability to do well in  this
courge. The Chemistry faculty is here to assist you in doing the best
vou Can.

Kasp in mind that Chemistry is a 2 course unit, 6 semester hour oourse.
" You will ' receive twice. the credit for this course as you would for the
-wmost of your other courses. You eghould therefore expect to spend twica
as wuch time in preparation for Chemistry 131.

We hope you find thie course interesting and informative: we know yon
wil; find it challenging. '
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:i. The BChedule for chemistry 131 . is significantly different than'
" other courses. at the Academy . - Check the syllabus daily. In general,
- you will have lectures on Monday, Wednesday, and Friday, one .2 hour lab

" on Tuesday and a 2 hour recitation .on Thursday... ITf you have a

- question, -be. sure to consult your syllabus. or ‘ask your instructor.. .If
- in-doubt,  go to. your classroom during the - assigned period and check. -

~..-Your instructor will clariry the schedule during the txrst lesson. ~

" ~Do not schedule any. appoxntments (dental medical EI ‘tailor shop,‘

f:;etc ) durinq any class or lab period. -

rohgls It you know yon will miss a class, intorm your instructor at least
-one lesson in advance and. submit a Form 78 before your absence if -
" poasible. You. are reaponsible for all work assigned during. your

' ‘absence. -‘If you wmisé a GR, you must take the make-up exam. - If you

- will miss a GR due to a- trip, -inform your -instructor at least a week in
- .advance so he can coordinate with the OIC or OR tor a make-up exam to,
-‘be administered on the trip. : . Ny e N

j-4. You must keep up with the course work even it you are hospitalizedz
- or on bedrest. . If you need EI, notify the hospital liason officer to
Arrange EI with your  instructor, or juat call the Chemisty: Department
{%2960).., Your instructor - w111 give you BI it you are hospitalxzed tor

Ji'an extended period. ;

5 5.: De not leave the cla-sroon or 1ab until you are dianissed hy your.!
~instructor. ' o,

7156. Please knep the classroom and coat closet clean and neat. Keep the .

" doors to the coat closet closed when not -in use - 1if you are the last”
' .to use it, clase them. ..All outer garments .(jackets, parkas, overcoats,

-.ovexshoes, caps, etc.) must ‘be neatly hung or stored in the . coat cloaet,ﬁ
- they are not pernitted in the clansroon. : : :

?ﬁ_?ﬁf Section Harcher Responsihilxtieaz'

- : a, Before clasn.f uaintain order in the classroom Bnﬁu:e the
. classroom and. closet are neat and orderly. 0911ect any aseignnents due

:; before the start of class.

b. start of. 01ass.~ Call *he class to attontion, render salute“

"fand .report the class ready for instruction, and give your instructor -

" all homework due. If your. instructor ‘does not arrive within 5 -minutes -
"after .the -start: of claas, report. to the Chemistry Department for

”[qfurther instructlona..'.

.,5 "¢, . buring Exnms. It the instructor is absent dut;ng an exam,*
'maintain ordexr and give the .command, "Cease Work," when. the time has -
-+ expired. for the exam. - The time should be written on the blackboard.-.
R Any cadet may gzve ”Cease Work' when the time expires. . :



8. Claszroom Materials. To each lecture ¢lass, you must bring youx
textbook, 3 ring binder, paper for taking notes, a pencil or pen, and a
. calculator ({you will not bhe permitted to share calculators during
quizzes or GRe). To each laboratory period, you wmust bring a pen {(all
experimental data must be recorded in ink) and your lab manaal ov
handout for the lab. :

9, Homework . In general, homework will not he collected or graded.
Your instructor, however, has the option of collecting and grading your
hopework. The problems assigned indicate the knowledge Ilevel and
proficiency expected of you. At least 6§0% of all guestionz om the GRs
and guisses wilil be homework problens.

10. Extra Instruction. Understanding of the material assigned is of
tha wtmost importance. If you have difficulity, you should sesk help
immediately from the EI room (Room 2056} or your instructor. The EI
room is open from 0800 to 1600 every day unless otherwise noted. It
will be closed during period H-5 and lunch.

11.  Laboratery Experiments. Lab experiments supplement and reinforce
the csncepts covered in the classroom. They give you the opportunity
to see chemistry in actien. Here at the Academy, we do experiments in
ways  unfamiliar to you. our eaxperiments are performed at the
microscale. Wwith these experiments, we minimize student exposure to
hazardous and toxic materiale and raduce chemical waste. We are also
able te perform more experimental work. While performing experiments,
give BAFETY primary consideration. - THINK BEFORE YOU ACT, ASK IF IN
DOURBT.

LED REFORT FORMAT:
A. A1l labs will include the following on the firat page:

collaboration Dtatement: State who you collaborated with on the lab.
If ne ceollaboration, state NO COLLABORATION. PAILURE TD HRVE TNIS
BECTION WILL RESULT IN A 255 CUT ONM THEHE LAB.

B. For the Emiesion Tab, Enthalpy Lab, and the Spectrometric
patermination of an Eguilibrium Constant ILab the following format will
be ueed:

Collaborsation Statamsnt: State who you collaborated with on the
lak. If no collabhoration, stats NO COLLABORATION.

tbiactive: State the purpose or objective of the experiment in
one gentenca. The objective is chemical in nature; the objective iz
ot to learn how to use an instrumsnt.

Theory: In at least one full page (the eguivalent of 1 full,
typed double spaced page) discuss the theory governing the results of
the expariment. The section generally begins with a short introduction
datailing why you are doing this experiment.; Zfollowed by a discussion
of tha procedures used to obtain the necessary data. Toe ageguataly
write this section, you should consult your handout and/or textbook,
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Do not simply °°PY another source. Compose this theory in your ‘oun

Dilnullinn ot Rllultll hnswer the quaatinns in tha handout-.

nnnululinh:- Hhat can’ rau COncluda about the axphrlmant? = iwé oy

';:numariﬂal rnuults in thn cnncluninn and nrror analveis,

. '.f.:.. _ For. t‘-ht rtmnining 75 p-umt 1uhu the rulal: exercise will b filled R
_ gut -BEFORE caming to. ¢lass, the lab will be f£ill out during class and

the conclusicns will answered. Unless directad otherwise by yuur';:

*1n=tru¢tnr; all lab reparts will be due the MHonday rullowinq tha lab

'33day. only 4 of the 10 {75 point labs) will be graded. waever,,all:

. must be nnmplatﬂd and turn&d in ‘or you Will recaiva an. IHCGHPLETE Pon:f;
| THE COURSE. = i # . o PR S

',.lzy' Latn HbrkL -HliiasSigned'ﬁbrk'is ﬂua_ﬁt the'haginning;nffthe'f'
"E“.rind.- Late .penaltiss will be assessed according to the schedile
Cbelow: - LA VR i ST A T

< 1 lesson late . . 25%
< 2 lemzons late: L E50%
} 2 lesﬂunn ‘late jg 1nnt

h'sincn Chnmintry 131 dpﬂ: nut ‘follow the nornal H{T—Dny schedule, ﬁadh}ﬁ“

. class westing (lecturs or lab) is one lesson.

:flﬂ.f.cnnputar Aidud Inltruution. - You lhnulﬂ havi hcan lssund thran o
computer disks with chemistry compiutar aided instruction softwara. ~The -

L in:tructiun prngram :‘In#criptinn- are listed. halnw. '

RN R Ihg_ﬂlgmgnti Pﬂrindic Tahla, Hnmanclatura nf tha

o Elements, - Ilutnp-lfhtnnic wWelghts, - Prnpertias of Soma.':'
Ellmti, mury Elmtnt Quiz U _

¥ Ingrggnin_ﬂhngnglgtu:ﬁf Binury Saltu. vnriable nxidatiﬂn . _
. Btate Salts, Binary Compounds of Two Honmatals, hcids, e
y Basaa, Turmlnr Sultn, Review Fruhlems e _ IR

. Solutionm: Snluhilit]r, Solubility Expnrimant Fraazinq SR
- Points, Molacular Weight Determination. Experiment Weight i
i'Purunntn, Holnrity, Dilutions : ST L A0 _ _

g mmmmwm chemical Fo:.-muns.
o Atomic Welghts, Molecular Fnrmulasjweightn, Gram Hulacular
_ Heightn,.cramfﬂble Prnhlens q : Dy rdne

R - : ; 3 ' - Introduﬂtinn, g
-,_,Psrnant chpnaitinn. Empirical Furnulas, Hg-Hcl Exparim&nt
'-Empirinal Fnrmula Prnhlams At A _ _ _

_M};wﬁghgﬁ;ﬂh;! hrcade ntyla gana tanting your knowledge nf
‘”f_f}bhenical raactiuns LR _ ]
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: Chemical Fnrmulas,

, 3 . ;.
_CHEmicnl Equntinns, Writing Chemical Equatiuns, Ealancing

ﬂhEﬂlEal Equatinns, Review Prnblams

W

r: pH, Water, stronq Acids. und S
'_-Bases, Measuring pH,. Heutralizatiun, Acid-Base Tltratlﬂnﬂ,:
Titration Experinant, Strnnq ve Weak Acids

,ng;xigﬁﬁxggﬁn Prafixnn, Temparature, valume, Height
Cuncantratinn, Density, Special symbols and Functions

ﬁdditiunal CAIL i= availahle on tha VAX-A cumputar via Falconnet.'
Tha programs and descriptions are as follows:

Ezns:nm : nﬁnnxinhinn

' Huth

Lngn _'
Names

Hamagama.

"‘Mole -
‘Limit
Thermo
Atom
Force

Gas

PH
Acid
- EME
Qual
Redox
Chart .
ﬁlchnny

Tutnrial on math and ncitntific notatlon
Tutorial ‘and drill on lagarithms

Drill on chemical nomenclature

Arcade-style. nopenclature game {nanu- Enintl]
Mole concept and molecular waights

Tutorial and drill on limiting reagent prublems

Tutorial

Tutorial

Tutorial
Tutorial

~ Tutorlal

Tutorial

and drill

.and arill-

and drill

and drill’

and drill
and érill

an
an

on’

an
on

' Ther-ndynnn1c cnnunptn and problems
on;

electronic structure
intermolecular forces
gn-llawq S
pH problems .
atrong and weak acids
electrochemical concepts

Dry run of hﬁnlitativn analysis before the lab

‘mutorial and drill en redox reactions

Tutnrial on the pariodic tahla, elamanﬁs, atc,
A chemical knuwlﬂdq- ndvantura qama {nnnu- Foint-].

.tha cﬁI antﬂﬂri on the le—h.-

18..

Bonu: Pnints from CLI.

INDIVIDUAL EFFORT is required.

. finfurn;tign during the -semester.
¥ plnying theaa qnmes.

:ﬁa will give yuu 1nformntion detniling thn atnpu necaasary tn access

: A’ you may hnva noticed. from ahnve, bonus
- points are avallable when’ playing NAMEGAME and ALCHEMY.
. Collaboration im permitted when using CAIL.
. “be awarded for these two,
- are avallable for use throughout the year, howvever, .
points. only during certain dates.

WNormally, Full®
since points. may
These games
you may earn hbonus

Wwe wlll gilve you additional -
Read instructiuma carefully when .

However,



NAMEGAME is an arcade-style gquiz where you give the correct
name or chemical formula for elements and compounda. You are
awarded 10 pointas for each correct answer and penalized 4
paints for each wrong answer. You can play the game as many
times as you desire, only your top score counts. . Bonus
. ‘points will be awarded to the top 30 scorers. NAMEGAME will
~be stopped at the end of Lesson T-21.

- ALCHEMY is an arcade=-style adventure gawme where you work your
way through the land of Alchemy by overcoming adversaries
. with your knowledge of chemistry. ALCHEMY has ten levels you
can progress through during the semester, earning up to 35
pointe for each successful completion of a level. The number
of points you earn depends on the number of questions misszed.

~You lose 10 points faor the first gueestion missed ("fatal
‘encounter™) and 5 pointa for subsequent missed gquestions.
After missing a question, you’re removed from the game. and
must reenter. If vou miss more than 5 guestions but finally
complete the level, you earn 5 bonus points. Levels will be
open for bonus pnints as we enter the block of material that
is "tested" In them. Alchemy will be stopped at the end of

Lesson T-42.. The following is the achedule for the 10 levels
of alchemy:

Level Number Opened i Closad
1 10 Aug 17 Ang
2 10 Aug 24 Mug
3 24 Aug - 7. Sapt
4 7 Bept 21 Sept

5 21 Sept 5 Oct
6 5 . 0Oct 1% Oct
7 1% Oct 2 Nov
8 .2 Nov 16 Nov
9 e .16 Now - 40, Nov
10 : ] 30 Nov. - 11 Dec

REMINDER: SINCE ALCHEMY AND NAMEGAME ARE PLAYED FﬁR POINTS, YOU MUST
WORK ALONE. - i '
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GRADING:

4 GR8 (300 pts/each} : 1200
B Course Quizzes (30 pts/each) 240
2 Instructor Pop Quizzes (30 pts/each) 60 -
Lab Reports: 4 8 100 pts/each o 400

(Emission, Enthalpy,
Determination of Ke,
Qualitative Analysis)

4 @ 75 pts/each 300
(4 of the remaining 10
labs will be graded
-Tandonly. )
Final ' _800
:g:!nlitl_.ili!..l-'.ilfilli-ﬁfiI#Itf‘iiil‘ii;ﬂng

Foints for Prog

2 GRe 600
2 100 pt labs 200
2 75 pt labs 150
3 quizzes 90
Frag Doints 1040 (35% of points)
guarantesd Grade Cuts
" Above 28% ' Out of Final Exam (Tncluding Alchemy and
Namegane) M
Above 80% A

Below 0% = F



DFC COLLABORATIOR STATEMENT FOR INTRODUCTORY COURSES

PULL COLLABORATION: cCeollaboration is defined here to mean persons
working together in joint intellectual effort. Collaberation does not
include copying another’s work. These assignments, prepared sither
insids or outsids of class, may reflect collaboration with fellow
students, faculty, or use of other mources. All such collaboration
mizat be documented. '

THE DEPARTHENT OF EﬁEHIﬂTRI DOES HOT ACCEPT QOPIED=ﬂﬁRK.
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Chemistry 131 BYLLABUS Fall 1990

Lessan Mo,
Week Date USAFA 131 Topic Beading Homework
14,16,70,28, 34
1. 9. Aug M-1 1 Matter and Measurement t«1.5 36,42,61
1,2,6,06,12.18
19 Aug T-1 2 Atoms and Molecules 2.3-2.8 253,38,40,49,58
2. LAE: Sclentific Hethod ; Quiz #1 - 16 Aug
13 Aug M-2 3 Chemical Formulas 3.1-3.5 3.5,13,17,22, 30
15 hAug M-3 & Chemical Formulas 3.5-31.8 31,32,38,43,49,51
17 Aug M- g Gases 4.1-4.4 5,1%,19, 20, 38,40,
AFACT; Bl-67 4%
3. LAB; Data Analysas
20 Aug T-4 -] Gasex 4.5-4.6 45,48,56,62,71
AFACT: B9-92
22 hAug T-3 7 ‘Electromic Structure 5.1-5.3 4,8,11,14,20, 22
24 Aug T-& a8 Electronic Structure 5.4-5.6 26, 30,36,38, 45
4B, 54
i, LAE Emisxsion; Quiz #2 - 30 ﬂug
27 Aug M-7 9 Electronlec Structure 5.7 64,56,68,78
AFACT: 133-150
29 Aug M-8 10 Periodic Table 6.1-6.4 5,6,11,14,16,32, 324
31 Aug M-9 11 Pariodic Table 6.5-6.6 28, 30,38,42,60,63
5. LAR: HOYE:; R ¥l on Wedneaday 5 Sep 90 (Chap 1-8}
3 Sep M-10- 12 Thermochemistry 7.1-7.2 4,8,10,14,18
& Sep T-10 13 Thermochemistry 7.3-7.4 200 25,30,32,35,40
7 Sep M-11 14 Thermochemistry 7.5-7.F 49 50,55,56, 60, 68
6. LAB: Enthalpy
1d- Sep T-11 15 Spontaneity of Reactlons 20,1-20.4 1,3,.6,10,16, 24,30,
: 34
12 Sep T-12 1A Spontaneity of Reactlons 20.5-20.8 3p,46,50,52,73
2,12,14,18,20,22,
14 Sep T-13 17 Covalent Bonding 8.1-8.13 26,28 34 42 ,48,60




Energy Slamlator, Bring Geometry Klts to Leeture; Quiz #3 - 20 Sep

7. LAB:
17 Sep M-14 18 Molecular Structure 9.1-9.2 2,6,10,14,24, 28
19 Sep M=-15 19 "Molecular Structure 9.3-9.5 372,37,40, 44 46
21 Sap M-16 20 Liquids and Selids 10.1-10.2 2,5,6,8,19,1a,20
8, LAB: Grometry,  Bring Geometry Kits to Lab; Dr. Bartlett 25 Sep 20, 1900
24 Sep T-16 21 Liqulas and Solids 10.3-10.5 22,24,27,32, 34, 36,
: ' 38
26 Sep T-17 22 Ligquids and Solids 10,6-10.7 40,46,48,50,61,70
28 Sep T-18 23 Solutions 11,1-11.2 4,6,8,11,13,14,20
a3, LAB; Sclutions; GR # 2 on Tuesday 2 Oct 90 {Chap 7-10, 20}
3 Oet. H-?ﬂ 24 Solutions . 11.3-11.4 2B 32,36,38,42,4%
& Qct T-20 25 . Air Pellutien/Acid Raln 192.5  45,47,63,64
2,4,6,B,13,14,16,
5 Oct M-21 26 Agquasus Reactlons 12.1-12.3 18,22
10, LAB: Acld Rafin ; Quiz # 4 - 11 Det 90
10 Oct M-23 27 Aqueous Reactlons 12.4-12.5 26, 20,36,38 42 48,
1?2 Oct M-23 28 Gasesus Equilibrium 13.1-13.2 ??2,3,5,9.12.1&,1&
11. LAR: Deternination of K,; Qulz # 5 - 1B Det 90
15 Oet T-23 .29 Gaseous Equilibrium 13.4-13.5 18,28,36,38,43, 44,
20.7 52.55,56,58
i7 Oet T-24 30 Aclde and Bases 14.1-14.2 5.6,12,16, 24, 28 30
38,446,50,55, 56 63,
19 Cet T-25° 31 Acids and Bases 14.3-14.5 69,78
12. LAR: Acld Base Titration; GR # 3 on Friday 26 Oct 90 ({Chaps 11;15, 19,.5)
22 Oct H-26 32 Acid Pase/FPT Equilibria 15.1-15.2 G,B,16, 20,622, 34
24 Qct H-27 33 Acid Pase/PPT Equilibria i5.3 'EG,BB,ﬁﬁ,ﬂz,Eﬁ,Eﬂ
26. Oct M-28 34 - Chemlstry of Photogrephy Handout
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LAB: Fhutngraﬁhy

29 Oct T-28  35. Oualitative Analysis 17.1-17:1 1,2,2,6, 12,16

31 ﬂct- T-29 36 Gualitaglve Anzlysis 17.4-17.5 22,20, 28,36, 43 5%
. 2,4,10, 14, 24,28
Z Hov T-30 37 Rate of Reaction 1a.1-18.2 36,540,445
14, iﬁﬂ; Qualitative Annlysis: Quiz # 6 - 8 Xov 90¢
S5 How M-31 38 Rate of Reaction 18.3-18.5 . 46, 48,50
7 Nav H-32 3% Bnte of Reaction 18.6-18.7 592, 58,62,64
© . 33,34,38,48, 55,
9 Nav M-33 40 Atmesphere ' 19.1-19.4 e
TAB: Eineticz; Guiz # 7 - 15 Hov 90
14 Hev M-34 4l Electrochenistry 21.1-21_ % 2.&.13,22,2&,3#
16 Hov K-35 42 lectrochemistry 21.3-21.4 46,43 .58
LAB: None
19 Howv T-33 43 Elecirochemistyy | 2} .5-21.6 &£0,67,68, 6%
, _ 21.7 20,129,462
Zl Nov T-36 44 Electrochenistry ~ AFACT: Z20-23°
LAE: Electrﬁche-istrj; CR # & on Friday 30 ¥av dﬂ {Chap 17-19, 21}
76 Huv H-37 45 Organie Chemistry 26, 1-24,.2 1,3,4.,7,14
" 2R Hov M-33. 46 Organic Chomiztry 26.3-26.4 16,45 46,50
30 Fov M-39 47 Crgenic Chemistry 26.5-26. % 35,36,38,40 42
LﬁE: Orgenic; Quiz # 8 - € Dac_?ﬂ
3 Dac T-39 48 Polymers . 27.1-27.2 2.4,6,8,10,12
5 Dec, T-40 49 Polymsts ' 27.3-27.5  15,18,74
7 Dec T-41 50 Applied Chemistry Option |
LA&RK: None
10 Dec H-ﬂz 3l Applied Chemistry Option

11 Dec T-42 Clean-up-



Chemistry 131 Laba Fall 1990

HEEE < LAB No. LAB . RYPE
B | : Nene {Transiticn Week) -
2 s o : Scientific Method Micro.
3 2 _ Data Analyses In-Class
4 3 Emission Macro
B . Hone ([Labor Day) _ -
& 4 | Enthalpy: Macro
7 5 Energy Simuliator ﬁEHD
8 6 Geometry | In-Class
: 9 7 Solutions. Micro
10 g Acid Rain : Micro
11 - - petermination of K. Macro
e V-3 10 Aﬁid Base Titratioen Macro
45 - 1l ﬁhntngraphy' : Macra
14 . 12 Qualitative Analysis Micro
15 13 Kinaticﬁ : - Mlcre
_16; : Hona {Thanksgiﬁing] -
17 14 Electrochemistry " Micro
is 15 Y Organic . Macro

* 0 .- Optional

N - No
Y - Yes
Late Penalty: < 1 lesson late 25%

< 2 lessons late 50%
% 2 legsons late 100%

GRADED" .

=

o

0o o O O =% 0 0 o X K

100

78
75
Fi=
100
15
T8
100

75

T3

75
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INORGANIC NOMENCLATURE
Chamistry 131

Chemigtry is a lot like living in a foreign country. If you
.apeak the language, life iz more fun! Learning inorganic
nomenclature is the firast estep toward learning the language of
chemistry. Learning the relationship between chemical formulas and
chemical names is essential for understanding chemical problems.
Inorganic nomenclature is a systematic way of naming the thousands of
inorganic compounds which we encounter.

¥Your textbook discusses nomenclature of incrganic compounds on
pages 72«78, This handout is inteided to supplement and complement
your book. Another source of nomenclature rules and practice in the
CAI lesson NAMES. Contact your instructor if you want a copy.

BEFORE WE GET STARTED . . .

There are certain elements, cations, and anions that you MUST
‘know before you get started. MEMORIZE these names and formulas; it’s
as simpla as that! For any name you should be able to write the
formula and for any formula you should be able to write the name
{including spelling.)

1. The first 36 elements and Au, U, Ag, Sn, Hg, and FPb.
2. Compounds with common names

HzO - water

H,0; - hydrogen peroxide

NH; - ammonia

3. Cations

Names

Lithium ion, sodium ion, etc.
Beryllium ion, magnesium ion, etc.

Hydronium ion
Aluminum{III)

Iron{II}), Iron(LII}
Copper (1), Copper(II)
Silver({I)

Mercury(l), Mercury({II)

Synbol

Lit, Ha*5 E*, Rb*, Cs*
Be?*, Mg?*, ca?*, sr?*,pa?*
Hi"

A13+
Fa2t, Fe?t
Cu*, Cui+
Ag*

Hg22+; Hg-2+



“i Laad(ll], Lﬂad{I?]
o4 Ammonium . -

.CDIHDH anatumic Aninns

Hydride '.:ﬁ'--

Fluoridéa @ F-
. Chloride . oL~
-;'Brumide .'1Br

-:Hitrnta . Nos-

Parmanganata MnO,-

' "’ Hydroxide < oM™

Cyanide 7 . CN" .

.”Par:hlurate ; -C104’-:

" Potassium.hydroxide

{'Rubidlun.hydrnxide

:hcids

';Thiucyanate " SCN- -

‘aulfuric. .  H.S0,

‘Mitric - "HNO 5
-Hyﬂruchloric - HCl

Bases | |
Lithium hydroxide -
" Sodivm hydroxide

Cesium Hydroxide

Thera are faur main classas of innrgunic cumpnunﬂs we will 1aarn s

? 3haw tn name.'

'.gphusphurlc ", HaPOs

- L1OH
WaOH
G CeOH
_ RbCH

P2+, Pbtr

.-"Hﬂlf

Todide .- .I-

o - Oxide - Lo Fo
o Eulfidg: S - L

: fcnuunn Pnlyatnuic hninns ITHD or mnrn atams}

16

Sulfate  80,%-

g Carbonate co3%-

‘Chromate =  CrD.%"

" phosphate Png T

“Peroxide - 0;°°
. Chlorate  ClO;~

. Perchleric  HClO,
‘chlsric = HC1O0,

- Hydrobromic HBr
Hydroiodic  HI

Hngnnsiuu hydruxidt
-Caleium hydroxide

- Strontium hydroxide

'-;1.3 cumpnunds Sk frum simile ‘yalenos metals. .

:  Compounds made from multivalent metals. k
3. ".Compounds cantaining nnly nnnmntallic elementa.

S ncldn.

H&iﬂﬁi;-:'
Ca{QH) > ~
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'?n_qCDHPGUHDE HEDE FRﬂH SIHGLE ?ﬁLEHEE HET&L&
- In genaral these cn!paunds are made using at least une uf the:__

matals in Groups IA and ITA. These metals donnte electrons readily .

- (they have a low ionization energy} and always have oxidation numbers
”unrrenpnndinq to their group number. For sxanple, X, Ha, 08, etel,
- have cxidation numbers of +1 only. All we have to do is specify the

cation (the ionic metal) followed by the anion.  We must also ensure

that the sum of the oxidation nunbers is zero {for we are deallng
fwith neutral mnlaculaa}.- ‘Hers are some examplea. .

’”ffﬁgﬂ f-'?° andium hydridn

_. ¢§}03; i; cuaiun oxide

;J_3$f§: _f. barlun flunridn
.ﬁéﬁ_   '3_hyﬂrqun cyaniﬂa
_#r;ﬁg  :5struntiqm.nitr1d§ff;

ﬁ'{oﬁj',- _calcium hydi*nkidi
© LisPo,  litbium phusphutn _
. t.Hgsu¢ ﬂ;lmﬂﬂﬂﬁliuu nulfata -
.ﬁ Hnw; yuu try & nnuplal .
. a. RMaoros
Hj;f51  nngncliuu tluuzida

.H'In qunstinn (a3, tha cntiun 1“ Na* (Bbﬂiuﬂl !hd the anion. ia Crﬂﬁz'xfi

'":(nhrumata}.. Thue, the compound is - In. guestion {h},-”.

:T 'magna51un exists in compound form as Mg <. Fluurida ‘iz the P~ anian{_'“

ﬁ']Tn make the cowpound neutral, we nesd Lﬂﬂ ¥ 's. Therefora, ‘the
' formuln fnr maqnnuiun flunride 15 qug. ' S '._.

;:~ If wt huva an 1onin cnmpnund that contnins hydrngen nlnng w1th
-”,,the catian, then we heed to. ﬂptcify thn number of hydragen atums in
. '¢thn uu.pnund Fnr instancn, ' . _ o

Nuncu, o audiun hyﬂrug&n cnrbnnata
| Ha HPO, . sodlium meonohydrogen phoaphate
'. HnHzPﬂ4 o sodiun ﬂihyﬂroqnn phuaphate

'"fj71n tha ahbvn nxanplas. HH usa Graek prgfix hafnr& the wurd "hydrugen". o



to. spacify ‘the number of hydrogans. In case you’ve forgotten, here-
-are the praflxes..: ' e R PR

mono-
Coodie
.. tri-
tetra- -
. penta- .
hexa— -
hepta-
octa-.
Y nana=-
- deca=.

_{bmitted if np.ufhzr prefixes are used)

I Y .'
000 AW

- Notice that for NaHCOs;, the number of hydrogens is not specified.

. ThHis is because carbonate hae a -2 chafgei if sodium (Na*) cnmhiﬁa# L
.. with .€Da?", there is only "ruqm" for one hydrugen.' Thus, the mong— .

’:-is inferred in this case.’

o '-conpwﬂns MADE PRDH MULTIVALENT unmt.s :smcx S‘ESTEH}

o Nonionic nntaln can usually have nore than nne oxidatlnn state.
‘Iron, for instance, can be found as Fe®* and as Fe? Most other
transition metals can alsc assume more than -ene uxidation state. Thg

- way we distinguish between compounds which differ in oxidation |

"numbers 1s by using Roman numerals, which i known as the Stock

i) gystem. The Roman numeral indicates the oxidation number of the

7 cation and is. anclosed in parentheses iumadiataly after the metal
'._nama Taka a 1nuk at thnit ixanplah. T

"FeBﬂ, mh g iron[;t} gulfate R
- Faz{804)31: . iron(III) sulfate -
"Pby - _ . lead(IV) oxide -
CBn(NO3)2 .. .  £in({II) nitrate
CUCN ... 7 copper(I) cyanide
Hg[uﬂ} PR, _-marm:rﬁII} hydrnxiﬂe

e _ Hnta the sum of thn uxidatian numhara{s) of tha metal exactly
',.uancﬁli the sum of the negative chargets] -of the anion. HNote also

'fiuthat you - need nnm memorize the oxidation number of the metal because

.you can alwaye back calculate its value by knowing the chaige . on the
”_aninn. In other Hnrﬂa, mn-uriaa tha aninns,_both name and charqe.___

'T_'Iitt?s try a cpuplq;__,.

Cu504

" rh; irun{IIIj cnrhnnata -
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In {2}, remember to Key off the anion! Since you’ve alresady
memorized {?) the anions, you know that sulfate has a -2 charge. To
make the compound neutral, you know that copper must have a +2
charga. Since copper ie multivalent, we will express its oxidation
state when we name the compound: goppepr(Il} sulfate. For (h), the
{III) tells us that the iron is in the +3 state (Fe®*}. We know from
cur memorized list of anions that carbonate has a -2 charge {(C0;?7).
To make a neutral iron{III) carbonate formula, we must balance the
negative and positive charge. Two Fe?*’s and three CO;”"’s would
balarce the charga at +6 and =~G: Faz:{TDa}a.

Ag with most toplcs in chemistry, there are always sone
axceptions. A nunber of metals exist which are not in Groups I or Il
and have one oxidation state. For these compounds you do not specify
the oxidaztion state in parenthesis. The exceptions ycu should know
are Ag(+l), Ni{+2), Zn(+2), and Al (+3). Here’s some examples of
what we’ra talking about:

AgMRO . silver permanganate
Hi{CLlO,) 3 nickel perchlorate
AlLH aluminum hydride

Remember, we used no Roman numerals in naming these exceptions. HNote
algo that most transition metals can exhibit a +2 ion due to
ionlzation of the 25 ®lectronsx.

COMPOUNDS CONTAINING ONLY HONMETALLIC ELEMENTS

Lat’s move to the oppoeite end of the periedic table. Hers we
£ind the neonmetalilic slements which are defined a= having a high
(negative) electron arffinity. In genaral, the nonmetallic elements
include those elements to the right and above the dark, solid
stajr-atep line on the periodic table that forms a diagonal from
boren (B) to astatine (At). Conpounds formed golely from these
elements will be covalent in nature., Whan naning these molecules, we
use Sresek prefixes because the oxidation number cor aach element is
not alwaya obvious. The compound name begins with the most
electropositive atom {the least electronegatiwve) and then the other
alement is named {once again with ths "ids" ending as in the anionj.
Iet’s look at some examples: :

CBr carbon tetrabromide
PFj phosphorus trifluoride
N0« dinitrogen pentoxide
XeF, wenon hexafluoride

Here are a coupla for you te try!

2. HOQ




Tfh; lulfur hixatluuride

-ﬁﬁgmhn fnrmuln 1h a} is ni;znﬁﬁﬁ;mhngxiﬂi,; If there is nnly une nf thg :
L RN alﬁctrupus tive ntnm:, The Toono-® prafix can be dropped. - The
-u.;'ﬂunu-' prafiv iz always used for thse BOre electronegative atom. In
o fb}, no prefix on tha sulfur implies one sulfur. Hexafluuride neans
fh;lix r 'a. Tharafnra. the furmulu 1u SFE. - - . :

14,f final nut-, pm uhould talk ahaut naning acids. CYou should i
L}bc fanilinr with lﬂll cn!nun nanen, sunh as the fnllnwing" :

B "”H.ﬁnb,' o nitriu acid L

31501 lulfurlc unid

111 uxyncidn {anidl cﬂntﬂining ﬁuyqan} arn namnd after the nama 5,;;i’

jfiaf'th- hniﬁn. For exnnpla,

Hﬂlu. o parchluric auid [frnu pnrnhlarata inn}
CHCLG . chioric acig ifrom chlorate ion)
Hzcr9¢ . nhrblic nnid (fru- uhrnnate inn}'

R nth-r uuidl hnw- “the snin furnuln as some nr tha cnmpnunds
.ﬁj;dianu:snd ‘above but hu?- & di!fnrunt TIBEE .

-'cg:ﬁfﬂcltnq} . hydtﬂchlntiﬂ n¢id
. HBr{ag) = hydrobrosic acid
CHP{ag) hyﬂrufluarlc acid

L.QQLHEH {aq} hydrﬁurnnic acid &__..H

'f'-ﬂuut af the time we will add - the ahhrnviatinn fnr aquanus [aq} after;}.:;'

. the compound to 1ndicatﬂ that it is dissolved in water and is, C
- therafore, an aci#. For instance, HI{ag) would be cnlled hydroiudic -
-Tﬁ;aciﬂ whare 4 HI Huuld be t-rlnd hrdrbgan 1ndida. _ _ n

Homanninturn 1s an important pnrt of the 1anguaqe of chamistr?-  o

f?iiﬂtt wuze te naming these cnlpﬁunﬂl nu'll b unting wuch more nr
';;;thin thr¢u§hnut tha ynar!!! : _- o L . -
RS e nnxt pagn ie & nomsnelature. uurk lh!lt.; U#a thiﬁ_ﬁq'hﬁip_fzx'f'
rgf.yuu prnctict yuur nn-anulaturn ukillnl!! S IV S




ROMENOLATURE WORK BHEET

Bow, let's see how much you've learned! Use the fellowing to

pracgtice your nomenclature skillsitid

¥ame the following:
(%R ;) 2003 ' N0 i

POy - H,5C, :
Alz0, _ S0CL

EacCl Hal . it
Cu ;8 Mns

ENSQ. e DBeS0, __

o4 : HBr

(WM, ) HPD, PFs,

P30y __ P.Oie

Om (Ml ) o HC1G,

Give formuizs for the following:

suponium auifate barivm iodide

calciue oxide sodium aulfide
potasgaiun parvanganaie 1roni{TIX} sulfate
ailver phusphate surliur trioxide
aopper{II} oxide aluminpun sulfide
magrezsiue iodida carhonic acid
titaniuniIv) chloride vanadiomi{V) oxide




BEcilentific Mathod
Chasisiry 131

SRIGCTIIVE

Te beccme proeficient in using the sclentific method. This lab
will lead you through the scientific methoed of problem scolving. You
will wake observasticns, ewxamine your obsexvations for patterns, make
and verify hypotheses, perform esxperiwents that were deaigned for
¥you, and design your own experiments. Finally, vou will bhe able to
determine the reaction pathway for a "“"slock reactisn.™

AFTROPUCT ION

Francis Bacon suggested centuriez ago that ags a result of
caraful observation of phenomena there would always emergs a logical
explanation: others believe that aimless experimentation without a
preconceived chbiective leards nowhere. The scientist works in two
directions: he collects data and from his cbservations he proposes
axplaining hypothezes through a procese of induction, then he seeks
to verify this explanation through a process of deduction. It is the
rare scientist who hae encugh imagination to creats new valld
hypotheses. Most scientists dunt “get milesge” out of someone else’s
hypotheses by doing variations of his expariments. It wan forty
years after noted theoretician Albert Einstein proposed the
convergion of mass to energy that the invention of *he atomic banb
validated his hypothesis.

Tha inductive meithod propelled scienca to prominence during the
Enliaghtensent pericd of the Renalssance. Previousliy the ancient
Gresks worked entirely through deductisn and the fiction of the four
*elepents® (Barth, XRir, Fire, and Water). Later, the pursult af the
"Matexria Prima" by Alchemists testified to the futliity of a purelv
deductive proceszs ihat begins with an idea and denies the results of
any experiment which does not turn out as gredicted. {1}

Modern sclence dates from the sixtsenth century when systematic
chgexvation and experiment developed the inductive part of ths
process. The formation of a hypethzels is an attenpt to gusse why
something happenz, hance it is inductive. Deductive predicticn of
resulits leads to verification when the hypothesis is tested.

Repeated cbservation-prediction-verification-revision of a hypothesis
leads to an acceptable swplanation called a thecry. This approach,
in its simplest form, conaists of several distinct steps:

1. Hakiag cheervations. Ths cbservaticns may be gualitative (the
mky is blus, BCT is fun) or gquantitative ithe preasure is 1
atnosphere; the temperature 1y 21° €). Many chemical r=acticns
invelve changes in ¢oler, evolution of 3 gas, or formation of a
preciplitatre.  Howsver, not all reactions oooup inzxtantly, sone bake
minutes, hours, days, or even yvearsg. {2)

. Deoking for patterns is the obeervation. Thils process often
regults in the formation of a nmtural or scisctifis iaw. For
axanple, studies of countless chemical reactions have shown that the
sukbstances present after a rsacticn havse the same total mass as that
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- of nuhstnncas prasent hnfnrl the reactinn took place.f These ' - _
'nhsanvations can hn gﬂnernlizeﬂ ns the law of cnnservatinn af mass..'

1_3. lnrlnllting th-u:i-i.. A th-ory cnnsists of a set of - assumptlnnn
put forth to explain the observed behavior of matter. At first, the

' ‘met of assumptions is called an hypothesis, If the tentative .
. hypothesis survives the tests of many experiments, we galn confidence
o in its wvalue and call it a theory. At this time, it is important to

S distinguish between an uhsarvatiun and a theory. An cbservation is a
fact that endures time, wvhile a theory iz an interpretatlnn and nay
nhnngn Hhen more facts are knnwn. {2} .

4. niqninq -:p-rinlntl ‘to tast the theories. Typinally,-scinnne'

- ig melf-correcting, continucusly testing its theories. We must-
-nnntinun to do experiments and refins our theories in llght of new

;1: observations if we hnpn to npprnunn 2 more currect understanding nf.
~;_.nnturn1 phnnn.nnn (2}

thn dnniqninq BN exparimant thnt invnlvns sevarnl vnrlablns.

. one nunt change only ane variable at a time. If you ware to change

 two variables for the same sxperiment, it would be lmpnnslhln o
‘determine which of the nhangnd paranntern cnus-d the ehanga in thn

”VE_obnnrvatinn.

“Tha prncnding ﬂisuusninn dnscrihes the ideal scinntific mnthud.

'=,Hnﬁnv-r, ‘it is important ¢ understand that science does not always

progress smoothly and efficiently. Scientists are human: They have

. prejudices; they misinterpret datas they become emotionally attached
" to their theoriss and become non-objsctive.  The scientiflc method is

only as effective as. thn hunann ulinq it. It duns not. antanatinally
.lnad to prnqrcnn. . .

This nxpnrinnnt im dnniqnnﬂ tn givn you some prnntice in- the

| ways of scientists. The scientist cbserves results of procedures,
T makes hypnthesnn to explain these results, verifies the hypotheses,
. .designs experipents to isolate one variable, and finally assenbles a

theory about the reaction. The chemical reaction that we are =
investigating is called a wolock reaction.® Chemicals are mixed and

¢ afteér an interval of several minutes the sudden appearance of a blue

coler signals the complestion of the p:ucesnd-a chemical reacticn ham
. taken place.  You will first carry out some sinmple conbinations of
' solutions, recerd the results, and try to explain in chemical terms

- why changes coccuy.  As successlive steps hacoms more cnnplnx, look for
. conaictent patterns and exceptions, verify changes, and finally try

- to put together a dannriptinn of the pronni-en which tngnthnr nnka ap

. .. the cluch rnnntinn.

:gn"'ijynriiintll In!h:-tinn

_ c1¢nn tha pipata bﬁtnrn nnd aftar thc lnh. _ _
2, Kaap ‘the p.i.pn'l:n used fnr tha iodine solution naparatasd from tl_u

;1;“{rnit.- Iodine will steain the pipntn nnd we' Hant to ninimi:e tha
”?:.nunhnr of pipcts we atnin._a o



. Record all observations and your explanations in the spacé provided.
Be sure to observe all reactions for at least 10 minutes before

assuming nothing has happened. Do not stir the =olutions after .
Anitial mixing. : ;

1.  Place about 3 drops of KI (potassium lodide), KCl (pataﬂqlum
chlnrldeJ, {NH,) 2820;,  (ammonium peroxydisulfate), Na,5:0; (scdium
‘thiosulfate), and I, on separate locations of your reaction surface.
Add. 1 drop of starch solution to each of these salutions._ -Record
your cbservations. below.

golution - gbservation

a, KI, starch

b. - KCl, starch

C. (NH,) 25204, starch

e Na;5;0;, starch

a. Is, starch

‘Starch indicates the presence of what species?

2.  Try various combinatiénsa of the snlution: ugaed inh Step 1, taking
them two at a time (use absut 3 drops each). Then add 1 drup of
starch to each. Which combinationa give a positive reault ;
(appearance or disappearance of a blue color)? This is a key step in
nnalyzing the raactinn. ;

a. KI, KCl, starch

b.  KI, (NHy):8:0y, starch

a. EKI, Ha,E;n:, starch

d. KI, Ig, sturch

L e qu' (HH;};S:G.; Etﬂrﬂh

fr Kﬂl,_“&ggzﬂa, Btarnh :

g: KCl, I;, starch

che  (NHa) 2830, Na28,0;3, starch

i I (NH4) 253204, I;,-Btirﬂh

jc: H515103,-I;, starch

Page 13



‘3. On separate areas on the reaction surface place:

{a) 3 drops of KI '
-{b). 3 drops of KI and 1 drop of Na 570
()} 3 drops of KC1 :

.'To each of thesa, add 1 drop of starch. Then add 3 drops of
(NH,) 28:04. Record your results below and explain why ycu think a
- posltive result was or was not obtained. What seemed to be the

. affact of Na.8:0,7
felution Obssrvation

a. KI, (NH.i)28,0:, starch

b.  RKI, HazS5;045, (NH, ) 530,
starch

c. KCl, (NHq) 28203, starch

| Try to verify your hypathaﬁin by experimenting with these solutions.
‘State clearly the experiment you performed and your conclusions.

Briefly summarize what you think are the roles of KI, KCI,
{(HH,} 28:0,4, Na;5,05;, and starch. Show your conclusions to your

a5

instructor to have the validity of your ohservations and hypotheses

. chackad. :
golution = " Role
as R
B. KCl

C. [Hﬂ4]252da

Bl - I .Hﬁzs.zﬂ.g_

e. starch

- Page 4
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4. ‘Now for the full clock reantiun. Make up two soclutions as
descriked below, -

Solution I: Measure 9 drnps of 0.20M KI, 4 drops of 0. 00SM
Na,8;0,, and 1 drop of starch.

Solution IX: Measure 8 drops of 0.10M (NH,)3:5,0s;. Record the
room . temperature.

Tanparature:

.Qulckly mix anlutian T and II recurﬂing the time of mixing.

When the solution suddenly turns blue record the time. Repeat this
procedure until you get a constant time interval.

Time of faactinn:

5. Refer to your results in-step 3 and verify that they are
consistent with results in Step 4; if not, repeat any part about
which you are unsure. Summarize what you think is occurring.

6. Concentration Effect. The so-called "Law of Mass Action”
suggegts that the rate of a chamical reaction is affected by changes
in the concentration of the reactants. Hypotheaize what you think
the results would be if you were to decrease by one-half the amuunts
of KI, {(NH;):5:04, Na:5:04, and starch?

golution ' Pxedicted Rate

a. KI

b, {NH,) 2820,

c. Wai8 zﬂ_g

dl starch

Now test your hypotheszea by designing an experiment. Remember that
you must changs only ons variable at a time. If, for example, 10
drops of KI are used instead of 20 drops, the total volume will be
less and hence all concentrations would be altered. To remedy this: -
you must replace the missing 10 drops. If this is done with 10 drops

of .deionized water, the correct volume of solution would be cktained.

Page 5
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Clearly state your experiment and record your observations,

YR T -

Step 4

Explain yaur'results.

7. Temperature Effects. Run the full clock reaction (Step 4) at a
different temperature. Record and explain your results. What was
“the temperature, . :

Tﬂmpa;atﬁ;eﬁ ; Time of reaction:

conciusion

Now that you have haan guided thrnugh & systematic analysia of
chemical reactions, from simple binary combinations to complex
processeas, you should be able to suggest the actual reactions taking
place in the ¥clock”™ reaction. In addition, you should be able to
discuss how changes in concentration and temperature affect reaction
~rates. These principles are important and will, therefore, bes used’

" ‘throughout this course. The kKey point when designing your own

experiment, as you will do in most of our labs, is to change only ane
var;abla at a time. : R

Raferencs:
1. Hanszson, Allen L., J. Cham.  Ed. . 58, 4345 (1981)

2+ Zumdahl, Sfevén 8y Chém;g;:z, 2 ad, Lexingtnn, MA, D.C. Heath
. and company, 1989, pp 2-4 : L

AL S HEsEes e HEL e L. Chsmlstrr. Pringi Reactions
Orlando, FL, Saunders College Publishing, 1989. ' i

Page“ﬁ



'Egghriggn tal Report

l. Tell whlch of the falluwing reactinns are cnnslstent with your
nhsarvatlnns and whlch are nut.

Eﬂﬁﬂiﬁnﬂni_iliﬂl

820327 4 8;03%" ==mr———> B0,?"

$,057" # I~ ====m===> 80,27 + I,

Tz + §5;0377 ==ememee-b 17 + 804°°

I™ + 85037 ==ece—wea> T, + 50,47

2. Devise a reaction echeme (combination of reactions above) which
might explain the results in the experiment.

3.  How did changes in concantratiun and changes in temperature
affect the ‘rate of raaction? .

. Page 7

I° + 85047 —=m-———= > Iz + 82047°
Cl- + 83042 —————s» €1, + BO,2~
I, + starch —-———--> I,-starch (blue color)

28
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'DATA ANALYSIS
ﬂhfmintry 131

INTRDDUCTI DH

. A common tool used to analyze experlmnntal data is a graph.
“Producing a gquality graph {or pleot) is not as €asy as you might
think.  Most of you have ‘experience. plettirg points on a number line,
Unfortunately, the proper methods may not have been reinforced or
thoroughly developed. This Lab ocutlines the requirements for
creating guality graphs from experimental data, and then discusses
some background and tools for manipulat1ng data to produce accaptable
graphs. .

AS : ; HT I!'G

If you examine a pleca of quality graph paper, you immediately
- notice it is divided into several different sized grids. Usually
each of these grids is denoted by differing darkness of the grid
lines. The purpeose of thesge divisions is ta help you graph points
accurately, and then extract data from your graph. NEVER use square
ruled paper - (usually reserved for enginzering drawings) to produce
graphs. Figure 1 shnws ‘the diffaranca hatween theae two types of

- paper.
. ._.ﬂ"'"'\___ i
QUALITY S GARBAGE

Figure 1 -
1. PROPERLY SCALED AXES |
The first étap to drawing an acceptable graph is té ‘decide how

the axes sliould be aligned on the graph paper. You should arrange
‘the graph so that it fills the majority of the paper (nothing is

 worse in graphing than a postage stamp sized graph on a sea of empty

-paper) .- But which axis shuuld be the "horizontal" axis, and which
the "vertical®? ; s : :

Easy ‘eniough - Those in the know have assigned special names to
~data they wish to graph.  All vou need to do is follow their lead.

- Examine ¥your data and decide which set is not affected by tha
'_”experiment. This is the independenc ﬂata, or the independent

GRAPHING 1






