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Preface 

The present probl was first brought to the attention of th 

writer in 1950 at the First Annual Conference on Th Teaching of 

College Chemistry sponsored by the Division of Chemical .u:ducation 

or the American Chemical Society and held at The Oklah a Agri

cultural. and Mechanical College. During this conf erence the need 

for research, on this and several other problems in the t aching of 

college chemistry, was discussed. 

Since a :survey of the literature revealed no report of a study 

designed to answer this problem, it app ared to the writer that if 

a satisfactory conclusion were to be reached, an experimental study 

was necessary. This investigation, the r efore ., was organized as a 

cooperative study involving an advisory committee made up of faculty 

members from the Department of Chenistry and the School of Education 

at The Oklahoma Agricultural arxi Mechanical College. This investi

gation was designed to determine the relative effectiveness of tw 

different organizations for the subject matter of the beginning course 

in general chemistry. The problem of this study was to determine 

which, if either, of the two organizations contributed more to the 

l earning outcom s of the general chemist17 course. 

The 530 students who registered for the beginning general course 

during the first semester of the school year, 1953-1954., were divided 

by the enrollment procedure into an experimental and a control group 

to serve as the experimental samples. This teaching assignment was 

carried out in the Department of Chemistry at The Oklahoma Agricul

tural and Mechanical College under actual school conditions. 
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CHAPTIB 0 

THE PRO UJ.i A.ND I S S TING 

Introduction 

ing the p st twenty yeara 1• der11 in t he fi ld of ch ::rJ.cal 

education have continually called attention to the importance of 

phaaizing th t heory o! atomic structure in the t aching of gener l 

chemi. try. 112 Since thi! i the basic theory ot all ch istry, it is 

generally agr ed that it •hould e incorporat into the beginning 

elementary cour e. A r vi w or the literature reveals, however , th t 

ther is l 'ttl gr• ment aa to the time or pl ce for the moat effec

tive introduction of this theory into the beginning course • .3 ,4 The 

literature further rov als that not one research study desi ed to 

answer t his probl haa b n re rted. 

G neral Problem 

Aa t b sia for i mproved practices ia provid d throu!h educa-

tional r es arch, it appeared 1«>rth while t o undertake an experim ntal 

study dealing with two different ori aniz tion of the instructional 

material for th t aching of gener eh i try at the college level. 

1 Sist~r ary Marti.nett•., 11The Present tion or Atomic Structure 
to Coll g , eahmen , 11 School Science !2:!, athematics, XL ( D c ber, 
1940) 808 14. 

2 J . S. Campbell ., "Structural Ch is try., 11 Journal of Chemic l 
Education, XXV (Octob r., 1948), 55e-562. 

3 George akeh ., " 'Logical' Chemic 1 Course." Journ&l of f.!!.!!
ic 1 J:.ducation., XX (November, 1945) , 536. 

4 Harry H. Sialer, ''Why Should 'l'heoretical Principles Be Us d in 
T aching Elcnent.ary Chemi tr7? 11 Journal of Chtmical Education, XXV 
(October., 1948) , 562-565. 
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During the flrst semester of the school year 1953-1951+, an experimental 

investigation a inaugurated which was designed to determine the 

relative ef fectiveness of two different organizat ons of the subject 

atter of the first course in general chenistry for prasEntation to 

students at The Oklahom Agricultural and echsnical College. 

The e ivalent or parallel- group method of research5,6 ~s 

employed, and the two organizations compared were arbitrarily designated 

as the conventional organi..,ation end the principles organization. These 

organizations were compar d With respect. to their effectiveness in 

teaching general knowledge and information, the application of princi-

ples, and the ability to use the scientific method of probl -solving. 

A survey or the literature bearing on this general probl is presented 

in the following section. 

Survey of elated Literature 

Numerous studies related to the general problem suggested above 

have been reported. The abundance of t erial, however, imposes the 

necessit of confining this r eview to the reports bearing most direct-

ly on the probl under investigation. or convenience of treatment, 

the literature bearing on the pr sent problem may be cl ssified roughly 

into tl«> groups: (1) those reports concerned with objectives , and (2) 

those reports on experimental studies in the fields of ethods and 

procedures. 

Reports Concerned ?!!!h Objectives. The ost por nt influence 

upon t identification and the selection of objectives for general 

5 • A. McCall, How!:£ periment !!! F.ducation (New York, 1926), 
pp. 14-36. 

6 c. V. Good, A. S. arr and D. .t!:. Scates, The l~ethodology 2! 
Educational esearch (New York, 1941), pp. 493-495. 



oh stry ha. b exert by th C ttee d T ta 

r th Di iai not Cb cal Educati n t e 

r rt, "Accept. Objectives in th Te chin of 

cal ci t:,. 

1str;r,n7 

gives a list or bjectiTes which f th 

Cardinal cipl ot S ·on.8 Thi l1 tot obj cti a 

ivided ari ed foll : 

thes obj c-

1v • Sine 1935, th e objectives v be contin o ly, revi J 

and elev fo t 

pri cipal 

• u:r1ng devices in th pr sent study. 

Se ral r outat.andlng tat ents of obj tiv in aci nee 

, D. C., Bulletin, 



t , ching that haYe greatly influ need trer.d in th teaching of general 

c istey ve been reported. These reports ve served to direct. t e 

ai s or science education away fro formally organized facts and 

to-w concepts, skill , and gmeralizat on which would provide rune-

tional info ation for future life. Specific values of r.ci nee instr c-

tion for these purposes were listed in the r port, Reorganization ot 

Science !!! ~ Secomary Scbools . 11 This report, confined to science 

in econdary uc ti.on, was the fir t co prehenaive document to deal 

exclusively wit cienee education. 

The report, "The Place of Science in cation", 12 ph sized tbe 

importance of scient.ific thinking as an objective of science educ tion. 

e of the most influent.1. reports in science educ tion appe red in 

1932 a the Thirt7- first Ye rbook of the N ti.on 1 Society for the Study' 

ot F.duc ation. 13 This publication advoc ted th t science instruction be 

organized around bro d concepts or gErleralizations . Tbe objective or 

science instruction were st ted as being "to give the studmt func-

tion understanding ot certain scierJ:e subject tter, and an und r-

standing of the ecientitic method, w1 th an ccompanpng acientific 

ttitme." In 1938, the report EC titled Science in General uc tionl4 

ppe red . s report rec nended the centering of scimce educ tion 

around bro d arens of living and etre ed the use of reflective t ink-

ing in proble.i -90lving. 

In 1947, the National Soci ty tor the Study or Edu t 1on publi h 

1 i tion l cation ssoci tion ( a hin ton, D. C., B 11 tin, 
1920, o. 26), 12-14. 

12 erican , oci ti-m for the Adv n ent of Sci c , School 
Science .!!!!. ath -tics, II (June ., 1928) . 

13 A Progr for Teaching ience Bloo · gt.on, 1932), p . 57. 
14 rogre sive l!:ducation Associ ton (New York, 1938), pp. 41 

d 46 . 
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it F rt7-sixth I rbookf5 which d alt with the pro in cienc 

at.io.n and atreased the rtane r functi onal erstanding ot 

ei nee. 

A the pre n t t.he trend in sci ce educatio t.he 

and coll.e l vels appear to to ·ard the r functional point t 

view. 16 ong 1 a.de s t c.hie! a of eienee instruction lies in 

the odi!1cation ot he behav:i.or pattern or he indi'rldual 1n such a 

hi to t.h probl of living ore ttecti"te 

re ati fying. 

thoda ,!!!!! Proc durea. exp rim ntal 

studies bearing pon varioua elas-£,,c,uw. and laboratory pr bl 1n the 

ti 1d or ci ce educ tion ban app r • The eleetio ror this 

review confin largel.7 to t reporta ot those atudi which • 
u ot a c etul.ly' cont.roll 

r fined atati tic.al procedure in Taluatin d ta. 

In 1926 Ho •ed the p rallel-goup me od or earch in 

conducting experiment. to de min the rel tiv treetiv n sot 

or t ching high ac ool ch 

1 tr.y. H used as au j eta 464 pupil in 17 class s, divided .at rand 

into Us in tour clas es 1 d 

a control group co isting or 379 pupil.a in el classes. Equival.en 

ini t.ial ability waa as in both ps . 

ctly th 

that tor o e p riod o t ot ti ve each wee th exper nt.al- up 

riean Schools (Chic go, 1947), pp. 32-
JJ. 

16 St 1.,- B. wn, 'Trends in Sci c Ed tio - 1953," ,!!l! 
Science Teacher., X:X:l (F bruary, 1954), - 85. 
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eir cl obs rv on tr -

t rei , her up atu ant perfo t h 

i n iviaual.ly in l bor toey. is proc ur co titut the 

al 

t1')) 8 t teat oft t. 

(l) mi -t tinal in tions, nd (2) tat ot 

per t o 1nd1 idu Uy b e • nts 1n t.h 

bor tory. Critical ratio tw COi" or t et up 

on J final , and l b st we 2.50, 2.09, 

and 4. 96 r tivel.y in or oft ntal roup. 

s atud7 

to asure e ir ble 

t becaus it wa one or th irst tt pta 

ot instruction ot r an r ctu l i nf'or-

tion to apply r fin et tieti t 

en er ot tu nt · t. 

two ro we · not de al. 

lir a ud7 w conducted by P n , 1n · 1c h 1n1at 

batt 7 ot • eats th beglnning, at t he 

and t th oe ur , thou ible 

to us in te at ctr, s notewor tq' beca e it to 

t. ct·1 ge d the 

• recently, ard con C a study in e ort 'ort.h, T 
' 

school •78 t , inYolving four sc la, £iv t eh , nd 420 

S 8 dy V 
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outc es or t1110 in tructional m thods .hich were pplled 1n ch str., 

clas s . Th eontn>l group w taught by a thod b d on the philo-

sopby that th ater,y of subject tter wu th end sought in the 

t chin or eh istr'T. 'l'b.e exp riaental group was taught b7 a thod 

which made • of learning situat.ione based on interest , need.a, am 

cap cities ~f th tud ts. , 

. In order to r~d ce th t ch r v riable,. ch t acher taught one · 

xp rim tal d one control class. The groups were equated n the 

b eia ot I. Q. •a, cholarahip verag · , and acor s de on two t 

(1) a 1\inetion 1 test d (2) "A tat or chemistry into t.ion. rt 

t the e or the s e ter, am 

the gain cor de by the two group wu compar~. Thirty-six 

critical ratio• between vario a pair• or raeasures re coaputec:l. 

even of these favored tihe oxperlaental grou ., but t r Ding 

tw t7-fiYe ere too all4ll. to.indicat a true ditterenee.19 

Thi atud)r waa aigniticant because it was a coop rativ• study 

invol~ aeYeral te he and the entire course in bi!h sch 1 

iatry. 

Sever 1 of th pro cedurea sed by nd in his aperiaent in th 

t ching or g tics have aignitieance tor the present t dy. 20 or 

example (1) a ubjects he aed 212 college atudent ·o ere 

divided b7 the enrollment procedur1t into t1«> groups, (2) th total 

19 11An erimental Study ot Two ethoda ot Te ching Ch 1atey 
tor High School, 0 Joum&l gl_ kperiaeyt,al Education, n 

t l", 1942) I 69-00. 
a> An Experiment 1n th Teaching t Genetic, with S ecial Ret

erenc a to the Objectivea ot General Educ tion," Contributiona to 
uc tion No. 797, Gol 1& Universit7 ( ew York, 1940) . -
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aeor, o th tion21 

were ed to t t th equivalence ot tb gro p , d (3) the te ting 

devic d b7 selee ing c r 1n qu tions r thre to ot th 

Cooper tive Zoology: ~ . 22 

st die dealing vi tructio outc a of sci c 

curs organiz around portant ci tific rinciple hav b en 

r rted. Kil&ore ics cl ses in tour ·, hington, D. c., bi h 

i,'.1.Jjl&,l,JJ,o ho th or nizati n of th pllj ic& cours ro d. 

jor g rallz tion would attec th abillt.7 or pupils ap Y phys-

ic principle inn aitu tions. 

ing the firat • eater of the chool 7 :ir 1935-1936, four 

clas e in p ics., d ign t the co trol p, ere v n e 

c ion in the b ginnin& ph,-aiea cur•· Th our cl ss of pupil 

11 d e t th s ond es er 

wer a th e 

ich tr the prineiplea ot phy ics. es e four teach rs ho 

:ught the control up.a the fir t eater t ught the eriment l 

grou ester. The exp !'im l r ctor con 1 t of 

,tt pt to t ch th rinciples of ph7sic • 

Ten ortani t.ional sheets deai d to c ll ttention to the 

jor p 1nc1pl sot phrsic re auppli to ach p pil nd t cber 

d ing the experim. tal co,u· • The te cher eukdtoincr e 

th ir principl while ff1" er t ching thes oupa. 

21 L. L. Th rs ne G. ur ton , erican Co cil on 
• ucation Pay-cholo c 1 •M\.C:MIU.,uation tor C llege Freshmen, Uni ersit7 
ot Chic&!O, ' operatiY vision, y u tional Testing Service, 
CbicagQ• Illinois. 

22 Cooperative et 
ew York, • York. 

rvice of the eric Council on ucati n, 



Th ed incl ded: (l) t t c n 1 tin ot certain part ot 

h 1934)23 and (2) princi l test 

. .!Jr to t.h control go p• 1n Jan a.ry d to th 

in Jun .. 

up shoved r1ority o er b control roup 

t.eat . e itic l ra io betv th 

d the principl were .79 d 5.75 

r apect.1vel.y t vor or h exper • lgore conclud 

er which will aid 

th 

bi~ an· in t Calif omia high c ls 

the 

ce1ved co v t.iona.l in trueti n. e other four 

u th npe ntal · roupa w 

ethod which stre pplication ot principles. A est which 

reqt.dred th 1101: ti of robl 

oft e ch cal. p incip1 invol 

1n ch id nt·.t1{: tion 

to 1 the 

pils at e d of th teaching a sil!!,,Uii' .. ••,u cor o thi t t 

led that all t tal 

g ups . were too ll to be• ti tically si itieant.25 

oup f stud~nt in the D ar ent. or olo cal 

it.z d . 1 , 
e Principles, 11 _sc.;:;.:1~::;;;..;:; ;;;;.;::;;.;:.=.;;JI 
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Sci nee t Michi& State Coll t to comp t et ot t chin 

biolo cal cience. two th . , 

ci t.itic binking m thod and the d 

with r sp-ct to t1eir ffeetiven.• sin (1) te chin .fact l info 

tion., (2) eeting the overall objectives i the cours, (J) d v lopi 

the ilit;r to th nk ci tificall.7, and (4) developin ci ti.fie 

t.tit e. The de eripti e .ethod. atr ed the f etu info tion o! 

the cour e, her s the · scientific thinkins method attempt o t. ch 

10 

dir ctly fr the developaent ot t.he thods d attitude of sci ce. 

1 st sed in the study incl d (1) the Cooperative Coll ge Biologr 

!...!!, 26 (2) depar ntal te end t.ions., (3) a de-.. ,-

C prehensiv inatio in iol gical Sci ce - Scientific 'lbinking 

Te t, (4) oll 1 ·J!!!! _ !2_ Think? te t/7 and (5) a t t con tru.ct 

b7 t inv stigator desi e sure certain b liefs a.bO' t biol g. 

oontin ed th ugh tbr t s 1 throughout the 5c ool 

7 or 1949-1950. 

resul of an anal78ia of the da.t aho that (l) th 

desc:ri tive metho w the o t effective in te ching r ctu infor-

tion iolo,;r !!!! rt.er th 

first erm and aleo rter tb second te ; bu atter three t e, th 

t hods were ually ettect.ive; (2) the t. · 

ef ective in teaching th overall objectives t h cour ; (J) 

two hods were ll7 ettective 1n t aching tlie hiliti a ssoo -

ted with cient1fie t nking, m.e urcd y th Co rehen ive ami-

t.ion i Biol gical. Sci c - ientific 

( . 
26 Cooper tive et Service ot the ric C c1l on 
or , w Yor • 
27 . eau Publication 1 c l'8 Coll g , Col bi Univ r it;r 
York, 1935). 
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t t r t sci tif ic 1nld.n to be s t1y re 

tf ctive, a ured b:, foll• ~ n2. !$l ........ n ... k? t t. 28 

is reYiew ie far r ustive, it is incl ive ou 

to int.he i 1d or thods 

d 

ploy by the invest.1 tors. 

- to account ti r act. at so in &tig t.or r p ted aignific t 

· ndi but t t otbere did not . ficant finding• r ported 

by ao e i eeti at.or po ibly' du ·-ll'-~t given 

the tw e etudy e uc t by rton t e 

uperio:rity or P n laborat.: r,- ani. tion 

teat could l :ve b exp t ct sin • t e control up d not been in 

l or ry prior to ini tr·tion r tt> p rfo -

_ee test; better ot.ivation c ld up riorit.7 

of t cxper 

s ta ' t by si u tiona 

ba on int r sts, n cities of highJ.7 

fie t Lt nc {critic ratio 5. 75) 1n tavo of th expcri-

prl ple te t in physics, a fouM in th . atu~y 

report b;y ilgor , cou d h ~ re ult d frm 

prlncipl as v in .. e organizat.i. onal 

e te c era in t.be 1- up claa s . 

at prin-

b:, 

nt stud7 

e rort niar.e by e inv ti tor to in ure · equ ity in t 

tM> roup Y' 0 st die 

28 n e in of d.mtific 
in Biological ..,ci t the College.L rv ," Sciene 
(t c er, 1952), 270-284. 
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co cerned with et.hod and procedures h ~e been reported; reference to 

ose of significance to this study appe r in the bibliography. 

Sunm.ary 

Sine e the public tion of the Cardinal Principle of Secondary 

uca.tion, several report have appeared whic have served to direct 

the ims of science education way fro formally organized factual 

inf or ti.on and toward an understanding of the method of science. 

The Conmittee on inations and Tests of the Division of Chemical. 

Education of the American Ch ic 1 ~ociety s exerted the most 

important influence upon the general chemistry course. Bee use of 

the work of this co ttee the aims of the general chemistry courses 

h ve been more clear ly de.f:ined, and the American Chemical Society 

Cooperative }ygili nation in General Chemistry s been· designed to 

me sure t e attainment of these aims . 

The writer h found no report of a stud;y designed to comp re 

the tl«> subject-m tter organiz :tions dealt with in the present study. 

Numerous related ~udies , owever, haye appeared. These tudie s have 

generally employed the parallel- group met od of research. 'lhe experi

mental and control groups were formed by taking random sampling of 

a larger popul tion. The scholastic aptitude of groups w most 

frequently determined by u ing t e scores on t e Ameri can Council .2!l 

Educ tion Psychological Examination. The significance or the differ

ence between variou tatistics was determined by cal cul ting critical 

r tioe between the stati tics. In so e oft e mor recent studies, the 
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techni s for analyai f vari c and in t-

t 29 • 

th t the at 

ttectiv procedur of e ins tructio ia t cle 1T deti.ned. and 

t t there i., or erim.entation to dete eful. 

proc ur in this fi l . e p: es tat dy devoted tot 

t inv ti ting pect of thia probl • 

ti 

'fhi inv st.igatJ.on was 

a oft differ 

first. eoure ch 

banieal 11 • the ditterene 

e order o p 

ution, t. 

eteraine the relati e!fec-

t the 

~gan1 tions 

ot th eo e 

conven 1 nal org i -

b ck un in de criptiv ch stry befor the concep of a.to e 

structure ry were introd c • a condor- zat1on, which will 

be call the principles orgm1za on, 1.ntroduc the t ent. 

e tructur theory o that th 

bt. as ab 11 tr d ls o! t 

co rse. respee to the1 

atud ta to dnelopt (l) t.he billt7 to 

t ct l info t.ion, {2) th bi t7 to apply' pr.l ipl , 

(J) the abill ty 

e hiev to-£ thes abilltie 
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devices u ed. 

The probl of this e tudy · s to determine 'Which, if ither, of 

tw:> organizations of t he course contmt contributed re to the 

learning outco of t e gen ral ehe:nistry course. The probl , 

therefore, bee e one of testing the null hypothe is:30 that diff -

ences between _J!l achicv 

!h!!l differences which could J2! expected l2, arise.!!.! r esult 2f chance 

nuctuations in rand 

eed for the tudy 

The need tor the study st ed from the fact that any ch stry 

teachers felt that recent theoretical develo nts, such as the torn c 

structure eory, should be incorporated in1:o the oe ming eleci tary 

course.3l,J2,JJ Other te chers felt, how er, tha t the concepts of 

ato c structure theory were too diffi lt for many beginning stud nts 

to comprehend. They reco ended, therefore, that t introduction of 

these concepts be delay til the stud t had developed a bac round 

of ch ical kno ledg suffici t to enable him to understand this 

complex theory • .34,3-5 A survey of the literature r vealed no report of 

an attempt that had een i:r,ade to deter ·ne the readiness of begimi.ng 

.30 Henry E. Garrett , Statistics .!!! Psychology !!l5! Education 
(New York, 1953), p. 213. 

Jl Harry H. isler and Calvin A. V derwerf, "l~od ern 'l'heory: 
Tool i n Teaching ntary College Ch is try," Joumal !if. Ch ical 
Education, XX (Oct.Dber, 1943), 4.79-483. 

32 Jane s. Coles, L al.lyn • Clapp , and Robert P. Epple, 11A New 
Progr for 1e ching the '.Fundamentals of Chemistry in Coll g , n 
Journal !!!_ Che ical Education, I (January, 1949), 10-14. 

JJ st A. ' d.ldman, "The ·eed for 1 ernizing t e General Course, tt 

Journal of Ch ical · ucation, nr (January, 1935), ll- 16. 
34 Ernst A. Hauser, "Th.is Nation '' 11 Need More Chemists After the 

ar, " Journal of Chenical Education, !XI (Oc ober, 1943), 513-515. 
35 AnthonyStanden, 11Can ementary Chemistry Teachin Be Logical'? " 

Journal of Cbenical Education, II (November, 1945)., 554-557. 
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college chemistry tudents for the d evelopment of these theoretical 

concepts . 

ch of the e subject-matter organiz tions was favored wit 

respect to certain pect of the psychological l ws of learning. The 

proponents or the conventional organiz t i.on cl ed that t hi plan was 

f vored in th t it st rted ~-he begi.nning course with .facts and · imple 

concepts ich the etudent could readily l e rn and under stand . A t e 

course progressed, the !'efore, this organiz tion provided an oppoz,tunity 

f~r the student to d velop ab ~kground of chanical knowledge suffi

cient to enable h to understand t l' e complex tomic structure theory. 

The advoc te of t is plan pointed out that psychologist generally 

agree t t students progress throug levels of mental maturity and that 

at e ch level of mental m tur ity tudents are able to r t icip te eftec-

t ively in certain l earning experience • Other le ning experiences 

may be eit er too simple or too oomplex to be effect ive in the learning 

proce e ta iven level of maturity.36 '111ey further point out t t 

f ct build toget er t o form concepts; imil rly, concepts 1::uild 

together to formulate principles, thus et bli hing a sort of hier

archy. 37 From this standpoi nt the conventional erganiz t ion is sound. 

~ any import nt factors also favored t e principl es org i za.tion. 

In recent year y people h ve cquired, s r esult of t he much 

publ cized milit ry d peace-time wses of tomic energy, suff i cient 

knowledge of the component p ts of the tom: el ctrons , protons , 

neutron , etc . , to en ble t em to form some element ry concept" of 

atomic structure. Consequently, many t udentc, a-1tering the beginning 

36 National Society forte St~dy of Education, Thirty- first 
Ye rllo9k, p . 5. 

3 7 ~ - , pp • .3- 6. 
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class at The Oklabo a icultural and Mechanical Coll ge. 

Scope ot t e Study 

The tac function of th1 atudy was confined to the first-

ater cour e in general chemistry. During this course, ost ot 

the principles of ,;eneral cbe stry are pr sented.. 'lbe T luation 

inat:nment were applied at the close or th .first.- e111.est r course 

and during the progress oft e aecond-sem •ter course. 

L1mita o ot the St 

Thi study was limit to the organiz tion of the course content 

in one rticular sequence of eour;,es in the Depar en or Che atry 

17 

a.t The Okl ho Agricultural end echanical Coll ge. The t.udy • 

further limited to the student population of these coursee when taught 

by thtt particular in tructor involved. The tindin , th retor , vould 

apply' onl.7 to the gen ral populat on fro which thes students and 

instructors c e. In order tba.t th findings hsT ore general ppll

cability the xperi.ment would h veto b repeated in other school• 

with differ nt eour es, instructors, and stud nte. 



CHAP - Tiro 

PROCEDURE 

The t aching tuneti in of this tudy as confined to the eral 

ch stry co e design t d as Chemi try 114, the first cour e of 

two- ester sequence of llfhicb the r ncler is designated as Ch -

1 t 124. This experiment s d si~ed so that two identifiable 

eroups of students wer taught tor on s ster by t different 

atter oriani ation, and the le min outcome r sulting 

fro this instruction were asured. by uitable easuring device . 

Thi t ach1n• s ~ent w executed in the Dep tent of Ch stcy 

at The Oklabo ·cultural nd Mechanical Coll ge und r ct.u l 

school condition; therefore, it was po sible to control rigidly 

11 the !actor that mieht havtt f'tected the re ult • In organinng 

and e.x cuting the inv . tigation, everal 'basic 'ere mad • 

a ic Assumptio 

e b sic umption for this in estiiatio wer s follows: 

l. The course content or g neral ch str,y, viz., the fact, 

cone pts, and principle, w meaningful info tion 

aa such could b 1 arned,and the lea.mi.fl! outc es resulting 

theref ured by suitable easuring devic s. 

2. Sine th te ts ~ere reliable d valid easuree o! th 
...... 

objective of general ch stry, as they ppear in the 

liter ture, it w s us ed t t thq were uit ble ur a 

for th purpose of thi . tudy. 

18 
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3. The design of the experiment and the statistical tr atment 

of the data collected were of such a nature that an1 sig-

nificant difference between mean achievement of students in 

the tl«:> ups, as revealed by the scores on the measuring 

instruments used , ma;r be assumed to be due to differences 

in the two subject- atter organizations used in this study. 

Definition of Terms 

Chemical Terms . The following chemical terms were defined in 

Hackh's Chemical Dictionary as follows: 

Chemistry. The fundamental science of the structure of matter and the 
composition of substances, t heir transfer t ions, analysis, synthesis, 
and manufacture. 

Science. Systematized and verifiable knowledge reached by observation, 
measurements and/or experiments . 

Fact. Anything that has real existence. Kno~ to be true. A result 
established by repeated experiment. 

~ - A generalized statenent of facts or principles . 

Natural Law. The formulati.on of syste atized experience as to the 
workings of m.ture. For example, t h e periodic law. 

Theory. The reduction of data or f acts or a principle, and the 
d onstration of their interrelations. 

HyPOthesis . A theory which has not been fully proved by experiment. 

· nciple. A theory ~~ assumption; a fund ental concept; 
principle of valency. 

s the 

Statistical Terms . The following statistical terms were defined 

in the Statistical Dictionary 2f. Terms !ill! Symbols as follows: 

Critical Ratio. The difference between two co parable statistics 
divided by the stamard error of the difference . When the difference 
is between two eans, the critical ratio is also called the standard 
difference. 

39 Julius Grant, editor (Philadelphia, 1944). 
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Statistic. A value uch u a an, standard deviati n., or correlation 
coefficient, calculated fro observed pl with view to ch r
cterisin! th uni ver e fro which th s ple is dr :wn; function of 

ob erv tions d signed to stimau the cor esponding value in the 
univers f which th sample is drawn. 

True D1.f!erenee. The an or an infinite mun er of easures ot the 
difference; the difference between the true easures of the two vari
bl s or it 

A finite er of observation or ease, a lected fro 11 
rticular universe; rt or a tot group chosen tor 

Aritr.met.ic ean. The sum of the measures, obs rv tions, magnitudes, 
i s, ors-;;-- in t tistical series diYided by their n ber of 
!r queney. 

ean squ 

Other Te ....... = 

ean of the 
from their arith
the an.40 

General Ch strz, College Chemista, Beginning College Chemist2, .fil.!-
en4,q Coll t.• Ch stq, and ires cen Chemistry used in th 

literature refer to the introduetocy colleg-e course in gen ral ch stry. 

11:!_ P allel .2! Equivalent Group iethod -2,! c e ch. The m thod ot 
research in which to or mor group• of atudents, ne ly equivalent 
a pos ible in all respects, re used t the s et e. The procedure 
consists of treating the ups in exactly th s e manner exeept for 
t e eXPe ental vari ble. 

Subject,..; tt r Organization 

Thi inv stigat.ion, n experimental study, pl"Opos to dete ne 

the relative effectiveness of two ways ot organizine instructi onal 

t ri ls tor teaching general chem.1 try t the colleg level. 107-

ing th equivalent or parallel-group ethod of research, the investi

g tor compared the rel tive effecttvenesa ot th conv nt·onal and 

principles organiz t i on in achieving th various go 1 ot general 

chemi try instruct! n . 

40 Albert K. Kurtz d Harold A. Edgerton ( le Iork, 1939). 
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The conventional or ization referred to the orgnnizat· ~n used in 

presenting gener chemistry subject matter to classes at The Oklahoma 

Agricultural and echanical College and at most other schools throughout 

the country.41 Thls organization made use ot approximately one s ester 

of general course cont.mt in preparing the student for t introduction 

of the ato ic s ru.ctu e theory. In this study the concepts of atomic 

structure theory were presented to the student in the conventional 

classes during the last six lectures of the term. The principles 

organizati n referred to a newer organization 0£ the subject matter 

in general chemistry courses. This organization was introduced at the 

ighty-elghth National Meeting of the American Chemical Society at 

Clevel.rnd , Ohio , Septanbcr 1 14, 19.34, during symposium on tt ~ern-

izing the Co r e in General h istry," conducted by the Division of 

Ch ical ..., ucation. 42 In essence., this organization introduced the 

students to the concepts of ato ic structure thoory early in the 

beginning course and to the use of these concepts s a b sis for the 

other material of the course . In this study the pres tation of the 

concepts of atomic structure theory to tho classes taught by the 

principles organizati n came during six lectures starting the second 

week of the s ster. These two organizations were presented in the 

t oory pot,tion of a general course designated as Chemistry 114. 

Ch istry 114 and Chemistry 124 were offered to students in the 

School of neering, students in agriculture -who plan to study 

veterinary medicine, sciEnce major f rom the School of ts and 

4l Herbert A. 'I'helan, nHethodological _Study of the Le mi~ of 
Chenic l Concepts of Certain Abilities to Think Critically in } esh
men Ch · stry, u Journal of Experimental -;ducation , XIII (September, 
1944) 53-75. 

42 est A. Wildman, "The e d of ernizing the Gmeral 
Course," journal 2£. Chemical ?ducation, XIII (January, 1935), 11-16. 
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ience , pr die al and re-nurain st d ta, due ti n • ente 

o plan to teach ci nee cour o in · e bi sc ls . The w kly 

pro or t e course con i ted of t'I.) fi ty d.n t.e lGCture ri<Xl , 

on fifty ut discussion or iz l"'iod, one thr hour hor -

ry iod . A cour content w intro uc 1 ctures 

giv n dur th l .ct p riod • T ese l ct es, b sic l:, factual 

inn , provid o el 

by st d nt , w er st qui bor tory cl e .. e wer in!o 

stud t - eent • 

th group of student used the s c text book, tbook ,2! 

Che stey by d . ck ~ !!•, Ginn and Co y, e York, 1949, 

e tory 

... G==- .::::::.::~t~ty,z. by J . 

York, 1952. 

ual, ,..S-=:==- .;;;=,=..;..;.;;;--.. .;;.;.;;.;:....;;.:.....;;;;.S !g 

• Burrows ~ .!l· , Macmillan ~np~my, ew 

In order .to fac111t te the ex cution of t e er nt and to 

coor<ti.n te all pha e of th work (lecture, gull , and 1 borat.ory), 

d tailed sylleb · for each f e ubj ct-

tter or ti.on used (Appendicee I and II) . ffbe yllabi contained, 

in bri ! !o , all 

the ord r of pr es t 

order o 

subject tt r pr esented during t 

er of t e yll bi t 11 :we t xaet 

ic a gi.. v in e t extboo • llnbus · 

us b7 the eon rol roup, ho ver, arrang ent . 

content ri of t wo qll bi was t e m , but. t c acter-

1 tic di.fr ~ nc · t.n t o o. g iz tio of t e content. The 

into tion r,rovid by th syllabi I o that the 

textbMk cai 1d be u ed a r ference, de tor uce t e t book 

v: ri l . i..::.oo r p ed ll bi er di trl buted to 

e tud nt in bo roup . 



23 

A detailed discussion, outlining the specific characteristics of 

t he two subject-matt er organizations, follows: 

The Conventional Or ganization. The order of presentation in the 

conventional syllabus closely followed that of the te;xtbook, which was 

representative of texts used in other conventional courses. This 876-

page edition was in the line of direct descent of five earlier editions 

extendi ng back over a period of more than thirty years. The principal 

ideas of the conventi onal organization were ·expressed in the preface of 

t he textbook as follows: 

It has seemed wise to continue the past practice of presenting 
first a considerable amount of f act about the characteristic behavior 
and properties of some typical elements am their compounds before 
considering in detai l the theory of atomic structure--in terms of 
which chanical behaviors and properties are interpreted and explained. 
But an early, br ief preview of the atom is given, am is intended. to 
serve the student as a guiding thread of simple but b sic th ED r:r to 
tide him over unt ·1 the important topic of atomic structure can be 
developed systematically in later chapters.43 

The investigator attempted to design the conventional syllabus in order 

t hat these ideals ~ight be achieved. 

This syllabus contained, in brief f orm, all the essential infor-

mation f ound in the first eighteen chapters of the textbook and ad 

essentially the same arrangement except for minor changes. For 

example, (1) nonnal and molar solutions were discus sed in the same 

unit, (2) the nomencl ature of acids, bases, and salts was discussed 

in connection wi. th the c apter dealing with the e compounds, and (3) 

t he di cussion of the electronic configuration of the atom (Chapter 

18) wa · extended to include the arranganent of t he elect rons in the 

sub- shells of the atom. These changes were made in order to ecure 

better organization and to introduce additionaJ. i nformation needed in 

the course. The additional material on atomic structure made possible 

43 Mack et al., p. vi. --



an expl.ana ion of th transition ele nta, tb ree eartha., am the 

rel.ationahipa et.ween their conti tion and the od rn lo for ot 

the periodic table. Thia infon ti.on wa p rt.inent to th e cond-

eater course. The transit.ion between the two cou s w a made at 

thi point; that i, the fir t-s st.er course nded by introduciq 

and discussing th info tion contain in Chapt r 18, and the 

ater course started b7 reviewing this in! tion. 

lb!, Pr incipl Organization. 'lbe experimental course of this 

tudy wa or i ed b7 t e inv atig tor, after anal,-zing textbooks, 

tudying the li erature, and reading several course outlines obtained 

fro other chool • The syllabu , designed to • repr sent tive of 

this organiza ~ n as possibl , was pr-epared b7 selecting the ppro

prtat equ c ot topic• tro the text ok. Extensive ref rences 

ere u ed in th ayllabue to aid the student in his study. 

'fh order of presentation was marked.la, different in this orpni-

z tion. Chapters and Two, the introductory- chapter , nd th 

first par ts of Chapter e wer handl in th usual er. The 

brief i:renev or the , given in the la t. part of Chapter '1hr •• 

wa used as point of de tur to int.roduc th c plet.e atomic 

structure th oey a presented in Chapter 18; thus., the last part ot 

Ch ter Thr , "A view of th At , the first two rta of Chapter 

ght, trThe Law of Ch cal bin tion, and "Atomic Theo17, all 

ot Chapter 18, "The Structure ot the At ," and the additional 

material.a dealing with the sub- shells or electrons, included in the 

conventionally or.ganized s71labt1S, Wi r• u 

ton atomic · stru.cture theory-. A detailed discussion of the cl sai

fic tion of the elsents and of the periodic syst followed thi unit. 
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de, both in the syllabu and in the lecture I to 

pr ent thee intangible eone pt 1n uch ay a to e bl the 

t to develop a. -,rk.ing knowledge f the periodic s7st and 

to dev lop unceratandin of e lationship o! this s to the 

electron a,nf'i ati o of the vario s to • The a: 

to the q tion: (1) r actions take plac ? 

do e ical r act.ions t e p c ? configuration of h tr it1o 

t am the rar were discuss , th rel.ation.Jhip 

bet their electron arr nt d th l n to or the periodic 

tab1e were explained. 

Th r ni chapters, which tor the mo t t d lt with 

d scripti v eh s ey, w re handl d in the usual er, xcept th t 

an ffort • de by the in tructors to r 

po ibl , to th c atructur thl!k>rJ'. 

ate-rial, whenever 

For example I t he alogen 

and alkali f ilie of el t were Gtudi in the light ot this 

intorma.tion ver ionization, oxid tion- Nductio , and e1ectroch -

try, her in th convent.tonal proc ur these re tudi before 

the int etion of t.hia fund tal theoey. The atomic stl"Ucture 

theory w s thus u a basis tor oth r terlal of the principle• 

coura nd was repea dly applied in the xplanation of subse uent 

teria s . 

Experi.JMntal D sign 

Subjects. 

th Oklaho A 

ve hundr 

cult al 

subjects for thi atud7. 

twen.t,'- tive i eral ch 1 tr, et de t at 

cbanical College were select 

he subjects ver-e -di v:lded by the roll.a t 

proced.ur into four lecture ction • and st.ud t in t o the leetur 

aectio (S t.1.on One and Sect.1.en Two) ere s igned y the e 
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z.. r tory claBSe • 'Ibis grou , using ~· prin-

ciples or anization, was desi nated as the exper ental. g up. The 

etw.ent in the other t1«> t.heor7 section (Section Three and Sect o 

Four) ver liken • u igned to nine quiz-labor tory cla s s; nd tbi• 
' 

goup, ta t with th conv ntionally or aniz ubject tter, a 

design t as the control gl'Oup .. Tb l ctur sect.i na e taught b7 

t in truetor o, a.lo with an additi nal in truetor and five 

graduate rellows, taught. the quis-l.aborator., clas a. 

Control !?[. Variables .. ch of the two theo1"7 instructors pr .~nted 

lectures to ne expe ental cla s and to one control cl s . The quiz-

laboratory instructors w r divided into t. groups as ne rly qu l 

po ible w.1 r pect to xperi ce and t · ning. One of the e group 

taught 1 qt.dz-laboratory classes; the other gro p taught 

the control cla sea. No quiz-labor tory- instructor re involved with 

both ups except tho e llbo were e bers or th p rm.anent t ehing 

st rt. 'Ihe iz- la rato17 instructors ttended the p ropriat 

lectures tor the os of obtainin better understandin« ot the 

exact terials introd eed and of tho t. ching th used . Thea two 

ups ot instructor were given equal tr a ent with r spect t 

assi tanc , encourag nt., and other mot.i tion factors . 'lbe tvo 

1 turers f liariz th lv a e letoly as possible with the 

tter org nizat1ons and cooper ted in lect.ing th 

between the lecturers u to th f t e to devot. to e ach aae 

of he in truetion, and a time- table v. carefully followed throughout 

the experim t . All tt pta b7 l ecturers t oti ating the 

tudents re equal.17 admini ter to the t ro p • A ekl;y taf.f' 
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eet.ing w for the purpose ot discussing my qu stion d tor 

further eoordin ting all phases of the work. 'lb1 arran en ot the 

t achin& a si t tended to duce th t ach r vnri bl • 

r1 precaution was tak to prevent the experiment~ affect-

ing e perto ce of the students nd teacher involYed. ecaution 

en to event the students !ram knowing th t th perto 

t the two oup ould b co pared. 'l'bis was atisfactorily achiev 

b7 ling the tud nts that. they were c peting tor r ades n1y' with 

he st den in t. eir · p , j st as though t.h two organizations con-

titted twos parat course . Thi aerv to prevent student t 

ttempting c ge on group t o the other, and no stud nt req at-

s ch change durin tb study. ther p.reeaution taken to 

v nt th quiz- r tor7 1n ructore ho r ecognizin_g th t c -

s being t • perfo ces of the t groups or 
t ud nt~. Th quiz- bor toq 1na ru.cto and, no doubt, o t or the 

stw ent kne an investigation was bel.ng conduct , but there aa no 

vid c h groups during t h xperlmen • 'i'b 

'=Ai!Ma,1.j,IQtions, which wor not c n to th two up , 

wer de a nearl.7 quival nt. possible with r a ct to th~ n ber 

d difficulty o.r th t st i ed; and when 1 tter grades ere 

as igned, e ch group o.f tu.dents received. ap oximately th s e 

nub r of ch l tter grade. 

In order tor uee the v. i&bl du o the t e r dq snd time 

t w k tor class ting , the toll wing procedur v s us i 

(1) Theory Section On , which et ch week on l!. ndq d 

. Wedne d y at one o'clock, pair d with Theor,Y Section Four, which 

et each we o Tuesday- ThuraciaT at nine •clock. Th ry S ction 



o, hich et e ch we Tu.esd.&7 an 'lbursda.y at eleven o•clock, 

s p ir d Id.th Theol'T Section Three, 1ch met ach w nda7 

and ednesda.y' t lev n o•cloek. 

(2) Th quiz-1 bor tory clas es wer divid eq ally etween 

experimental and control cla s ch l bor tor7 e ion With the 

followi.ng exception : tw e r.1 ental classes, ch et e eh we 

n nd ~ ing, w re paired with two control elasees, hich et 

ch week on da.J' ming; o e experiment.al cl s, which t e ch 

w k n 1.ueaday ming, d eri tal el s, lilicb . e e ch 

w e on Saturday- ming, were paired with two control cl s es, 'Which 

et• eh week n iday tternoon. 

S nd-S at.er Procedure 

The eoo d-s ter cour e (Ch i try 124), continu tlon of 

Ch i try 114, wast ught.. by th convention-al ubject- tter or ani -

tion. The co mt of Chend.atq 124 stressed d scriptive c mi tr, 

the us of the principl a or c · stry in oln.ng probl of ch i-

eal natur in etallurgy, agricultur , and other induatri • The 

prooedure in this cours w that each i t cto referred cx,ntin-

usl.y' to t periodic table and a to.mic •true ure a.a he di cu aed the 

v rious f 11 and gro ps or el nts th•y ppe in the periodic 

sys t • Th tu t who l"Ogister for this c urse during th 

exp tudy' 'Wi r signed by the nrollm t proced o three 

l cture ections to twelv iz-labor tory class a. e e ri-

tal and control groups, ther tore, lo t th ir i tit,ies and wer 

t ught by- the s subj ct.-: tter or isation. The course wa be«un 

b1 revi wing th terial discussed in Ch pter 17 and 18., 11Tb 

Periodic S:,st "and "Th Structure of the A , and tollo ed the 
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text pre en tion t, r fter. All except one ot th 

inat ts were applied during thi cours . 

Examinationa 

The inati II used for the purpo e or evalua t the outco e 

of this atuqy ver : ( l) he Am :rican Council .e!! Education Peycbolo,g!eal 

~!!!:!:!!2.;t~i~on!!., !2_ ~; (2) the American Cb cal Soci ty Cooperative 

..:-;:~..;:;:;:: ,_,_;;;::::._t_ry.,,_, the first tour part ot !2,m Q and 

!2_ !; (3) A~ .2! cientific Reasoning .el tJnderatandiy {Pb.zsical 

Science, !g_ _); (4) a teat ccmstruet.ed by selecting certain qu tiona 

Chemis!:U;, !2£! .!2!e, ~ 12!t2, I.2._ 12!&, and !2!:!! ~ her alter 

r terr t.o aa A Teat on th Sci tJ.tic th ; and (5) t.hre dep t-

a tal intr •eater enm:inations. 

Thee t ta ere t.o b valid. in trwaent • The r s n11 

for this ssum.ption are evident f 

te- ts that ro llo : 

t diacu sion of the vario a 

durin_g r egistration b7 th colle 

a thorities, waa u to detennioe the relati e scholastic aptitude 

or the two gro pa of stud ts. R cognized aa bein_g an fective 

am widely' sed device for predicting c lastic aptitude, 44 thia 

te t gives a high (approximately • 50) eo f tici nt of correlation 

with the natural c1 c • 45 

44 Law c • Deridder, 0 elat.ionahip bet.ween Gross Scor • n 
th A. C •• and Ae d c cc , Journal£! F.d:ucati nal ese rch, 
n.n (January, 1953), 353-.358. 

45 Jae • Dunlap, 1!!... ~ Men ts Yearbook, edit 
by Oscar • roa (Virgi.ni, 1945) . 
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for u e 

at the end or tw:>- e ester equence of course, thi examin tion w s 

iv s of t e two cour e • e fir t fo r p rt of !2.__ Q, covering 

General Knowledge d Inform ti.on (25 questio s), pplic ti.on of 

Principle (25 ue t·ons), titative pplic t · on of Prine ple 

(20 question ) , and cientific ~ethod (20 question ) , ere ed a 

t r - end ex: in tion £or th r- r t- eme ter course. ~ ! , covering 

Gener l owledg and Info ~tion {JO qu tion ), Applic tion of 

Principles (50 quc tion d u ntitat ive Ap l.ications of Pr neiples 

(30 questi on), a us d as co pre ensi e n tion ·t t end of 

e experim nt. 

The r ll bility of the early form of this e am.in ti~m was det r

mined by using e plit-te t met od. 46 More rec tly th correl tion 

b tween t he core one uival t forms has been used ind tennining 

the r lie.bi ty. The validity of the items of the exarnin tion w~s 

determined 1 ethod encribed by Phelan a f llow: 

It i s ed t t the student who get .. gh cor-e have better 
under t ming o · the ubject, e ured by the t est, than t o e w o 
get lo core. or it , the percent ge of ri ht n were of the 
high-.,coring group 1 plott d g in t t e percen ge of rig t n wera 
b7 the low- corin group. .45° diagon of the gr p , t erefore, 
repr es t no di cri nation, an it an wered correctly by exactly 
the s e percent e of good and poor student • 'lb.ts dia on 1 i given 
a value of zero, and t he ount of deTi.ation of e c it fro the 
di gon l deter ed i .., validity indw • 47 

Anderson conclud r view of t i ex n tion a follows: "In sum-

ary, one ay re on bly ::, th t this test a ms capable of ing 

(New York, 

istry Te ting 
ber, 1937), 586-590. 



quite tisfactorily t he objectives of general chemi stry s r eported 

in t he literature .«48 

.31 

! Test .2!! Science Reasoning and Understanding (Physical Sciences, 

Form A) . As one of t h e mea uring devices prepared by t he Cooperative 

Study of al.uati on in General Education (conducted under the auspices 

of the .American Council on Educ tion and directed by Dr. aul Dressel), 

this ex inat i on was de igned to measure the student's ability to use 

t h e scientific method of problem-solving in the are of physical 

science. Specifically, this test was designed to measur e the ability 

of the student to read and to interpret s cientific materials in terms 

of his understendings of the broad principl es of science and to apply 

scientific knowledge to new situations. This examination, consisting 

of fifty-five multiple choice items, was administered during the f i f th 

week of the second semester. No data are av ilable as to its realia-

bility or validity, althrugh it is known to correlate hig):ily 'With the 

.American Council on Education Psychological Ex.amination.49 

! Test .2!! the Scientific Method. Thi fifty-item test was prepared 

by selecting certain items from the ections on Scientific Method of 

four f orms of t he American Chemical Society Cooperative Examination in 

General ChErnistry (Appendix III), and it was administered and scored 

according to t he instructions with the original forms of the exam.ina-

tion. The purpose of this test was to measure the ability of students 

to apply the scientific method of problem-solving to situations in the 

fields of general chemistry. 

48 Kenneth E. Anderson, ~ Fourth Mental Measuranents Yearbook, 
edited by Oscar E. Buros (New Jer ey, 1953) . 

49 Paul L. Dressel, private comnunication, Michigan State College, 
March 15, 1954. 



Und ratand:i.ng and A Teton th Sci titic thod., r u ed in the 

nt truiy to c :p re the mean bill ty of the t. 

exp ri ntal and control oups in their u oft e 

both in the f i ld ot general c 

ts in the 

try din 

the o phyoic l acienc out id tb1 p ci!ic r eld. 

th 

1'hr int r -s i:s er, fifty-

it - , bjectiv -t1P te.st p pa d by he c re lnstructor 

during th nd-s e ter cour • Thes te t• 

(Appendices I, V, o.nd VI) deign d to d te in the. d gre& to which 

the ent had . ster h course cont t, were to h e 
I 

curricul r vallai t.y. Sine th at.udents 1 r,cor e on t 

us to ae e e chiev nt ot th student. n the econd-

em~ ter co , h se cor lo indicated h well the fir~t-

es r eour st1JO t tor t he learning at rials 

r 'the eecond-s 

Stati tical Met.ho 

Thi, foll ;in st ti tical tbod were plo ed in i study 

i~ e r ult of the V& u i~ devic 

t ,reb7 c pDring tho, result of t two ubj et .att r organi-

z tion~: (l) thv ari tic ean, w re calcul ted fr qu ney 

dintribution ot the te t scores aa a 

of Vi bility, (3) th standard erro sot the an wer e lcu ted 

ie roduc t-. ent 

32 
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scores on the various teots,50 (5) the significance of obt ined differ-

ence between st tistic w s tested against null h thesis, n ly, 

t t the true differ-enee as zero, and (6) the test of significance 

used in testing t .e null hypothesis was the critical ratio. 5l Th 

crit cal r tio -was defined a th quotient obtained by dividing the 

obtained difference between two s tatisties by the s tande.rd error or 

the difference between the two statistics. The standard error oft e 

difference between statistics was cslculated by the method described 

by Lind ist.52 'Ibis method was applicable because the s pl.s were 

matched by m ans arxi standard deviations upon the erican Council 2!l 

this stud7 was that achiev ent. is independent of subject- tter 

organization or that the mean chiev ent or the students in the two 

groups was -equal. The five per cent level of confid mce was used; in 

ttem.pting to r efute the null hypothesis, Uiat 1h! outco s of ~ ~ 

instructional organizations !!!:! .!:h!, .!!!.!!· 

50 Hen E. Garrett , Statistics 1J! Psychology~ Education 
( ew York, 1953), pp. 134-139. 

51 llig.' p . 215. 
52 z. F. Lind st, "The Si@lificanc of a Difference between 

' M tched' Groups ,"~ Journal 2! Educational Psychology, LUI 
( ch, 1931) , 197-204. 
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A ALISIS or RESULTS 

e r lt of th anai,.t. or the dat.a collect through the 

the relativ err tiv ss t th prlnd. lea and comr subject -

tt organi ations for the t clung of g ner 

with presented. 

uiY l C7 t the Group 

:!nee in the p s nt st\ld7 the experiaental populati n waa ploy-

tor two ester and sine an,- st dents were lost to th study' 

f r e a ond s est.er the result.a obtained b7 appl.Jing the proc ure 

sed 1n to ... -~ting the xper.l ent-al an control g ps ar pr a ted 

ccording to (l) t.b fir t- eaters pl and (2) th cond-

Firat-Seaester S el es. The 530 student uperi.lental latio 

di t.ribut in he tour ory aectlone o th t t ne 17 n eri-

ps of tlX! nt - wer torm • Tabl l these dat . 

Table l 

Distribution o! t.h 1r eme ter Ex.periaental opula.tion 
by Theor., Sectiona 

Control Group Ex.per ental up 

Theory ection thr - 139 eory set.ion ne - 126 
Theory soctd.on tour - 126 Theoey ect.ion tlllO - JJli 

~t.al 265 ~tu 2W 

34 



Onl nineteen ver repr ent nth pori.mental population, 

r re-sentin even in th 

int e others ple. 

The d ta prescited. in Ta.bl•• 2 and J showed t t t.he two pl s 

t stud nts w re stat1 tically qually distribut«i ng th ari U8 

fable 2 

Distribution of the First-Seae-ater Kxperiaent 1 Populatt 
on& Various Sch 1 

School 

gineering 
Arts and Sci enc ea 
Agriculture 
Commerce 
~,-o.tion 

nom1.ca 
Total• 

Control Oro p 

183 
69 
7 
4 
2 
0 

265 

T le 3 

, erimental Group 

199 
54 
0 
5 
1 

_..! 
260 

Diatrlbut.1.on ot the 1rs esaeater l"iaental Population 
by St t Classification 

Cla !ication Control Group erlaental Group 

215 202 
36 46 
9 9 

Total 
_.l 
26; ~ 

1n Tabl 4 that tb t 

pop lati n samples~ as uce.tion 

PffChologic.al. na\ion, w e equ1val t with res ct t.o ch la tie 

JS 



aptitude. Since a cr-i t · c l r tio of 1. 96 would be required tore one 

could be confident that the obta1n~d ditf erence b tw en the eans a 

tru. diff renc , the critic l r tio ot .82 not •t tist.ical.1,- sig-

nificant at the ! ve r cent. le-v 1 ot con!id ce. 

T bl 4 

A C par1 of th ester G!"OU.ps o the 
!. £.J;t.. -----...... - .:::.=::::.:;::;;.;;.;;;,;.:;: 

Stati tie 

ber t ubj,cts 
Mean 
St dard Dev1at1o 
Standard error o! them 
Di!terenc between m ana 
St.and rr r o! the dif't r 
Critic l ratio 

Control Gro p l!XJ)eri 

239 
100.11 
19.56 
1.26 

l 50 
ce betw; n means 1.82 

0.82 

2J9 
98.61 
20.30 
1.31 

st ts v re lo t to th stud7 b,- the close or h second-a ester 

e hw:dr and tor-ty-nin of the 237 ellp.ble 

cont J.- p tud ta 151 of the 233 eligible experiment.al- up 

tudents r g1 tered tor tb nd- ter courae. Tb data t;iv 

in ka, 

showed the total popuJ.a.ti loss ot e ch ple. 

The d ta pr ented in Tables 6 and 7 show t t the ond-

s er population eampl , like the first-s eater le , re 

s tisticallT qually di trib t d ng th vario a schools and ng 

the v ious student cl ific ti na. 



Table; 

er ot Stu enta Lot to the econd ·•ester 
irat-S ster k 

les b7 

Course Grad 

A 
B 
C 
D 
F 

WF 
I 

Tot.al los-

Cont.rol Group 

3 
16 
44 
25 
16 
6 
0 

ii! 
Table 6 

Experiaental Group 

5 
8 

42 
27 
15 

7 
4 
1 

i09 

Distributi n ot the Second-Semester F.xperiJI. tal pul.atio 
-""&& Various School• 

Schools 

gine ring 
Arts and Science 
Agricult.ure 
C 

Control Group 

100 
42 
; 
2 
0 

U9 

a le 7 

Ex:perilaental Gr p 

ll7 
31 
0 
2 
l m 

Distribution of the Second-Semester erim.ent l Population 

Claasi!ication 

e-.,:;;r,.a 
Soph rN 
Juniors 
Seniors 

Total.a 

b7 Student Classificatio 

Control Group 

123 
20 
5 
l 

149 

Experiaental Group 

123 
22 
5 

_! 
151 

37 



_ e r ult o in " le 

me sco son 

the nt . l l'OUP 

durin .he 1r - s ast 

pl! C ti :rat () or t 

1.22, t OU 0 cant t t.h .t v p C nf i,-

denc ., i die t d t .. rEJ were 7 c e · in 100 th di erenc 

t. ~ $en>. i e critic l r· tio of th ditf r nee b 

t rd d vi tio of 1. 55 w not i i4ic nt t the fiv r 

emt level f conf id ce~ in pection or t pr - ented in 

able 4 a the nt l 

or e corre ponding r1ret-s s er s ple 

b ·1.1t t t t s ter -control ple w a aor h . o " eous than 

the corr sponding fir t - SUJple. 

bl 8 

c~ .. n.,._ison of th t .c r e de b t., .. a r mupa on t e 
~·£·- · Ps:rehological .!.=!~~a:~t~i~,:,.!!n 

St ti tic 

of subjects 

Alt!() th 

t t ed during firet 

Cont l Croup 

140 
102. 21 

17. fl:) 
1.1.9 

2. 65 
et een 2.33 

1. 22 

n tion t 

nt Group 

140 
99.36 
21 .21 
1.79 

• r , th d tr b t i o or the !'i t -



a tor coura 

C G • 

e 
D 

Tot.al• 

rs ts o 

lo 1n thi 

t 

pulatJ. n r ents. 

8 7 t 

ar : (1) ra 

rlncipl , and()) th 

inter 

•, 

tb application ot 

\rol 

20 
4:3 
7l 

JJ. 
149 

al,- 1• ot d ta j 

port l 

rt.ant. t.b ri 

39 

t.al Oro 

22 

69 

tst 

pect 

t 

a lar r 

or 

:ce.. t , d pr\nciples, 

orui a 

princ le ot e ~ 



chfili try in ng i ple robl s. In t. etbodol , the 

chi t concern w to give th student an opportunit7 to develop the 

abilitie i d ti!ied w1 h th u of the sci titic ethod t roblem

solving. Thes ab · ti s includ among other , th ability to recog-

nize d an in t. a of the student's understanding or 

the b tin of the science; the a ility to di tingu.i.ah 

exp videnee d th retical interpretations; and th• 

bility to int.erpr data and to draw valid conclusions theretro. An 

tt pt as de to evaluat \he achiev ent t thee abilities, both 

t tter field of eral. chai try d in the broader 

ar of physic 1 scienc outside this sp citic field. 

A result. ot this anal.ysi of the d ta, collected 

t out,h th tration of the achi v ent te ts described earlier, 

appears in th tollowin section . 

,A.Q.~. tion, .!....!! Q. Th d t collected 

t rough th admini tration of the .................... ---=-- ............... -----
~::!:~t==i~o!!n 1!! G neral Chemi try, _2!! Q, u term.-end examin ti n 

!'or the f'irst-s st r coura , were ana1y'zed; and Sumrn&rJ' or the 

re ulta follow. 

l . The product- oment coetfici t of correlation between et\¥:lent 

cor a on the eric.an Council 2!! Ed cat.ion P,x·chological. tion 

and st nt scor :son this inati n uere: for student in the 

experim ntal oup, .49; and for tudents in the control group, .62. 

2. The twos bjec tt r organ1~ations were equally effective 

in teACh the oYeral.l obj etives of the tir t- ster course a.a 

their attai nt red by this nation. The cliff r nee 

betwe ean scores of 0 . 40 1n favor ot the control p s not 

tatistically significant at the 1Ye per cent l evel or confidence. 



41 

The critical r tio of bis difference w 0. 48, which indicated that 

th re e ,, 67 ch nee in 100 that the differe ce w11s a true difference. 

Th r ~s,1lt of th analy-sis of these data are s ari~ed 1n T ble 10 . 

or th purpose of co p2riaon., Table 11 show these d as they 

pplled to the second-s ster lea only'. The difference betwe 

the ean cor~ or 0. 46 in favor of the control group gives critical 

r tio of 0.44, mich indic t there ver 66 chances in 100 that the 

"tru ditterenc as tre t.er t an zero .. 

Table 10 

A Compariaon ot the Scorea • b7 the r"ir t-S ester Group on the 
_!.£..§.. Coooer&tive Exandn ~ion!!! General Chemiatr,:, !2r!?! Q 

S tistie 

.... =...,"':r of bj cts 
X.Mean 

Standard Devi tion 
,Stan ard error of th , ean 
,Difference between eans 

Cont 1 Group 

246 
25. 27 
10. 79 
o.69 

· ·standard error of th diti'erence between eana 
Critical r tio 

~ Coefficient of correlat.ion b twe AC cor 
and th ACS tion, or G -----·-- - -

t ble 11 

eriment Group 

0.40 
0. 83 
0. 48 

. 56, 

241 
.24.87 
11.30 
0.73 

A Comparison of the Scores de by the Two Second- S ster Groups on the 
11.Q..§ . Cooper tive F.xamL'1.8tion ,!!! General .. C .. he=::::-:t.a., !2_ Q 

Statistic Control Group Exp r ental Gro p 

? umber of subjects 149 151 
ean 27.56 27.10 

Standard Deviation 10. ;o 11. 40 
s dard error of the an 0. 86 0 . 9}, 
Ditf erence b t en means 0.46 
Standard rror of the ditf er nc bet 1e n ean 1.0; 
Critical r tio 0.44• 



3. 'r e two organization appeare to be equally effect ive in 

teac ing gener kn.owl dge and info tion, the ppllcati n of prin-

cipl , and the scientific met od to attainment of th e objective 

were a ured by e ch of the different parts of t his ex 1 

the dif rence between mean favored ti control group, but none of 

h w re tati tically si€11,ificant t t he five per c t l evel of 

confidence. e r esults of t he anr ysi o t e d ta for eac of e 

part re u , arized in Table 12. 

T ble 12 

Comparison of t e Scores ? de by t e Fir t- ester Group on t he 
Differ nt arts of tie ! .Q.§ . Cooperative n tion !,!! General 

Chun:btty, ~ Q 

ta.ti•tic Control Group erim.ent l Group 

Part I General Knowl ed e and In o tion (25 u tions) 

Mean 
e 

Difference between means 

1.e3 
0-16 

0 .22 

7.61 
0- 20 

P t II Applieat.1.on o rincipl es (25 que tion ) 

ean 
ge 

6.09 
0-19 

Difference between mean 0 . 28 

Part IV Scienti c Mett1od (20 queetion ) 

n r.::cans 

5.06 
15 

O. ll 

4. The compar t1ve v lue r t t organi., tion 

5. 81 
0-16 

4. 95 
0-14 

they r late 

to sc elastic ptitude wa determined by con. 1ng t e cores de by 

the u per one-third of tJ e experimental- ou students r nked on the 

b 1 of the American Council S?.!! ucation Psyyhologi.cal ination 
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scores with the scores made by the upper one-third of the control-group 

student ranked in t he same manner . This wa also done for the lowe t 

one-third of the stu:ient from the tW) samples. The results of the 

analysis of these data showed the tW) organiz t ion to be equally effec-

tive when pplied wit tudent of high or low chol stic aptitude. The 

re ult of t he enalysis o! these data appear in Tahl 13. 

Table 13 

A Comparison of the Mean Scor es Made by t he Upper One-third and the 
Lower One-third of t he Two Second-semester Groups on the 

! •f •§• Cooperative Examination in General Chemi try., ~ Q 

Division 

Upper one-third 
Lower one-third 
Average 

Mean Scores 
Control Group Experimental Group 

32. 71 
22.00 
27.35 

31.17 
21.82 
26.49 

! ~ 2!! Science Reasoning ~ Uooerstanding. The correlation 

coefficients between student scores on this examinati on and stuient 

scores on t he American Council .2!! Education Psychological amination 

were: · for the experimental group, . 44, and f or the control group, .42. 

The ana.ly i of the data collected through the administration of t his 

test gave r esul ts which indicated that t he two organizations were 

equally effective in teaching the scientific method as measured by 

this test. The diff erence of 1 .15 between t he mean scores in favor of 

t he experimental group gave a critical ratio of 1.74, which indicated 

that there were 90 chances in 100 t hat t he difference between the mean 

scores was a true difference. Table 14 summarizes t hese data. 
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Table· 14 

A Comparison of t he Score Made by the Two Second- emester Groups on the 
~ .2!1 Science Reasoning !U9, Understanding, Physical Sciences, Form! 

St tistic Control Group Experimental Group 

Number of subjects 
Mean 
Standard Deviation 
Standard er ror of the mean 

142 
16.10 
6.42 
0.55 

Difference between means 1.15 
Standard error of the diff erence between memis 0.66 
Critical ratio 1.74 
Coefficient of correlation between ~ scores 
an:i Science Reasoning~ Understanding test scores 

149 
17. 22 

5.94 
0.94 

.43 

! Test 2!! ~ Scientific Method . The r esult of the an ys i s of 

the dat collected through the use of the examination, A Test on t he 

Scientific Method, showed t hat the two organizations appeared to be 

equally effective in teaching the scientific method as the outcomes of 

this teaching were measured by this te t. Here the difference of 0.77 

between the mean scores gave a critical ratio .of 0.94 in favor of the 

experimental group, which indicated th t t ere were SJ chances in 100 

that the true difference was greater than zero. 

The product-moment coefficient of correlation between the scor es 

of the experimental-group students and the control-group students on 

the American Council .2!1 Education Psychological. Examination arid. this 

test were .53 and ,34 respectively. Tr.ie results of the analy is of 

these d ta are summarized in Table 15. 
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Table 15 

A Comparison of tbe Scores ¥..a.de by the Two Second-S.miester Groups on 
A Test on the Scientific Method 

Statistic Control Group Experimental Group 

Number of subjects 142 
Mean 19.03 
Standard Deviation 7. 5.3 
Standard error of the mean 0.63 
Difference between means O. 77 
Standard error of t he difference between means O. 82 
Critical r tio 0. 94 
Coefficient of correlation between AC scores 

and t he Test on t he Scientific Method test scores .44 

151 
19. 80 
8.16 
o.66 

Departmmtal Intra- semester Examinations . The r esults of the 

analysis of the data collected t hrough the administrati.on of t he three 

departmental intra- semester examinati ,"ns showed tl at the two subject-

matter organizati ons appeared to be equally effective in preparing the 

students f or the second- sanester course. The differences between m.ean 

scores for the two groups on the first , second, and third intpa- semester 

examinati,ons gave cr itical ratios of 0 .8?, 0 . 20, nnd 0. 66 , r espectively, 

in favor of the experimental group; however , none of t hese differences 

were statistically significant at the five per cent level of confidence. 

Tables 16, 17, and 18 pre:;ent a summary of these data. 



46 

"bl 16 

A om riron of th S o.rcs .~ ~7 t::1e T o -= · d-5;. .e5 or Croup th4 
ir t D rt n 1 Intr -s t r F..xaminati on 

Ststi tic 

~r of ubj ct 
em 

Sta ard Devi tion 
S nd rd rr r of t't 
Di!~ rence between means 

Co trol Croup 

148 
24.51 
7 • .30 
0.61 

nu.l Gr up 

151 
'25. 28 
7.75 
0. 6J 

Stand error of th diff r n,e betwee 
0.77 

eans 0.8. 
Critic al. rat· o 

A Comparison of th Seo 
Second Depar 

Gt tiatic 

?umber of ubjecta 
an 

Standard Deviation 
Sta dard rror oft e an 
Dif.f'erenc bet een means 

O.S7 

T ble 17 

de by the T 'econ - !::> .e er 'ro p on the 
ntal Intra- me ... ter Examin tio 

Centrol Group 

149 
27.59 
9.72 
0. 82 

.~rim nt 1 Group 

151 
27.79 
9.66 
0.79 

Stand rd error of he di.ff rence b~t een me 
Critical ratio 

0. 20 
1.14 

.20 

Table 18 

A Co . _ ison S cond-Scmeator ·roup on the 
ster nation 

Stetistie Control Gro, ... E.xp ~ ime. l Group 

Numb r of subject. 

Standard Deviation 
Stand • nor of th mean 
Dift renc be~ween eans 
St dard error of th difterence betwe 
Critical ratio 

141 
7.47 
1.a3 
o. 66 

0.63 
eans 0.96 

o.66 

1.48 
1 .• 20 

8. 40 
o.69 



analyai of the da coll cted by tbe admini t-ration or th• riean 

perative nation .!!! General .;:;,:Ch:.::.==..;t::.r .... z, ~ _, 
in.di.cat th t the two organi tions were qu l.y eff ctive in chiev

ing the overall objectives of the cour ea. The difference of 0.46 

ean cores for the tvo groups in f r or the expe ntal 

p a not ignific t t th five per cent lev lat cont! ence. 

The critical rati or the itferenc ot 0 .30 indie t theN w r 62 

in 100 th t the difterenc repr nt c:i t:ru ditt,rence. 

produc~,om~1n·t coetticie t of correlation b t. stud t core on 

d the erican Council .29 ===-- _ ...................................... 
~~~~!! were: tor the experim tal gro p, .45 for the control 

p, .:33. Th two organization appeared to b equal.17 ft ti e in 

te ching either I al knovl e and information or th pplic tio or 
principles ince there no significant diftt.r ce b tween t .he m 

or for th t t of th1 
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A Coapa.ri ot the Scor Made by th Two Second-S ester Grouo on the 
! •£•:i• Cooperativ Examination i!! General Ch stq, -2_ ! 

Statis ic 

e 
Standard Devi tion 
Standard error of the 
Difference b tween ans 

141 
29.84 
lJ . 00 
1.16 

Standard rror or th dift rence b tve 
Critical ratio 
Coef'tici nt or corr lation b tween AC• acor 

d th A. c . s . Coop rative tlon in 
Gen ral Chciiatr,., Form! 

rillental Grou 

o.46 
na 1.54 

O.JO 

• .39 

150 
J0.20 
14.90 
1.22 
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Table 20 

A Comp on of t e Scor M e by e Two Second- eme t r Group on 
Di f er nt Part of t e A. C.S . Coooerative E 'n tion in Gen ral 

ch -1itr1, i2!:.... ! - · 

Stati tic Control Group Experimental Group 

• rt I ncra) Y.n leds.e n Inf or tion (JO que t ion ) 

can 
St no.ara eviation 
Dif erence between an 

10. 78 
5.24 

0 . 07 

10 . E5 
5. 

f> rt I A plicat · n of Principles (50 q e tions) 

. an 
Standard Devi tion 
Di ferenc betw e mans 

18.95 
5. 88 

0 . 25 

19. 20 
6.09 

e di.fl tribution of cou:.- e grade t or the aecond-

o st ,r cour 124) o,ed th t twelve oft e 149 econd-

1- up tudent filed to co pl te t ie cour e ati -

r ctortly, and fo f e 151 second- ster, exp rimental- up 

tudent f · 1 ·d toe plete t e cour e satisf ctorily. Ti diff er-

th cour e. The experiment 1 group ,ad a hig er percent e o A 

gr e, grade, D grades, ic owed t i group to ve b n 

more v ri ble th n the control oup. T ble 21 pres ts t e e d ta. 

n pe t·on of tho d ta pertaining to en er of stu iente 

lo t to c of t he groups ( ble 5 d 20) s o ed t e control 

group lost ot of 12~ t• ent and t e ex.per ent 1 group lot. 

tot o. ll3 student_. The e loss s included all tud ents w o failed 

to co plete t' e y mrk ·~ti factorily. Th ce ive lo to the 

control up, which included even :t c..ent :.. uri g:·t o fir"'t ester 
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T ble 21 

Di trib tion of Co se Grad in Ch ry 124 

Cour~e Gr e Co trol G:ro•i!J . Crou 

10 l. 

B J3 k.2 
C 69 57 
D 25 32 

5 3 
T 6 0 

1 0 
I 0 1 

Tot • 149 m 

eight students dur i the eecond es er , w s nearly equ ll:y di tri-

buted bet e t tw:, e e t s o ed t t t e control 

up l o t 4. 83 per c t or students an were loat to the experi-

ental group. Thi differ ce, owev , i not st ti tic l l y signi-

fie nt t the five per cent level of confi dence. 

S ary of Re lts 

e principal r ult of t , i nttdy wit r p ct to th r :ttive 

ef.t'ectivene of "' ho two b ect-m ttt"..r organizs.ti n fo pr enting 

0 er l C tud nt .. at e Oklaho I gri u tur and chani-

cal Coll g W" s t t t o two organiz tio ere equ . ly f ect "" w en 

r · lt , wel l the Amer · can Council 2!! 1:rluc tlon l'szchologtc 

, t vor the c nt l gro p, here ! l e econd-

ter r ult u • r one o t h di! fer-

, ~ow ver , were f ou to t t t l e five 

per cent 1 vel. of co nf" enc • t er .finding e. follows: 
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1. The two organizations were equally effective in teaching know

ledge and information as measured by the American Chan.ical 

Society C~perative inatlon i!! Gena-al Chemistry and 

the intra-semester departmental ex inations. 

2. The two organizations were likewise equally effective in teach

ing the application of principles as measured by the American 

Chenical Society Cooperative Examination i_!! General Chemistry. 

J. The tw:> organizations appeared to be equally effective in 

teaching the abilities associated with the scientific method 

of probl -solving as easured by the tests us ed in t · s study. 

4. From the results of the analysis of the data s arized in 

Table 13, it appeared that neither of the t1«> organiz tions 

f avored the more intelligent or less intelligent studmts 

when ranked on the basis of the American Council .2!!. .Education 

Psychological Exanination scores. 

5. the results ot the data presented in Tables 5 and 21 

pertaining to the number ot stlrlents lost to the experiment 

fr each of the samples, there appeared to be a tendency 

for more stoo.ents to be lost to the control group. These 

data shaved that the control group contained 128 students 

who failed to complete the year's work satisfactorily, 

while the experimental group had a total of 113 stments 

in this category. Thus the control group lost 4.83 per 

cmt more students than were lost to the . experimental group. 

This difference, however, was not statistically significant 

at the five per cent level of confidence. 
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6. Ap~~ent1y each o:r t,hect-:i organit,ations was well adapted to its 

purpose, since ncit.bcr o.f th(?.n1 \::;resc11ted ~my ru,~rked diffi.r.mlty 

in prept'ra,ct:\on and admini.~.tretion. 



CHAPTER FOOR 

SUMMARY AND CO CLUSIONS 

SlllJllDal7. this investigation, an expel"'i ental stud7, wns designed 

to determine the rel tive effectiveness of tllt> different organiz tions 

for the subject matter of the first-s ester general chemistry- course 

at the college level. The problem of this study ·was to ascertain 

whi~h, if either, of the two organizations of the course content con

tributed more to the learning outco ea of the general chenistry course. 

The equivalent or parallel-group ethod of research was ployed, 

and the two subject-matter organizations were co pared with respect to 

their effectiv ness int ching gener 1 knowledge and information, the 

applic tion of principles, and the bility to use the sci ntific method 

of probl -solving. The 5.30 students who registered for the beginning 

general chemistry course during the firsts ster of the school year 

1953-1954 were divided by the enrollment procedure into an experimental 

and a control group to s rv as the experimental samples . ch of the 

experimental samples ll as composed of two classes or students, who 

were t ught by two instructors . Each of the instructors taught one 

control and one experim ta.l class. Two groups of instructors taught 

the quiz-laboratory cl ss s . 

In the instruction of the control group the conventional organiza

tion of the course content was used . In thi organization almost one 

s ster of general ch stry was studied before the atomic structure 

theory was introduced into the course. In the instruction of the 

experimental group, a newer organizati on was employed, -which presented 

52 



5.3 

to c structur oey e ly in t e cours rrl u d it b i for 

ot er t e cour 

The e ina.tion used for th p o e of v lu ting the outcome 

of t i study re li ted follow : t"WO form of American Chemical 

ely, o G --
d ~ ! ; a·~~ Sciooce e~aoning !!'.:!t Understanding ., Physical 

. Sciences ., f2!:_ ! ; Test on the Scientific ~ e od· 
' 

ree depart-

ment intr - s ter e inations. ,e an of t e t-w:> groups on 

t e v rious te t were found r¥l the significance of the difference 

calculated using the critical ratio . 

Result. The fir t - s e ter results , swell st e erican 

the 

control group., but all the second- " ester r esult r vored th experi-

ntal group. one of the difference , ow ever , were found to be 

tatis tically significent . t the five per cent level of confidmce. 

C-0ncl.uaions. Since none of t differences were significant at 

t five per cent 1 vel of confidence , the null hypotbe i w not 

r jected and it is concluded t at neither subject tter organization 

h been s -wn to be superior for i n t.ructional purpo es. 

plication • this conclusion it w impli t t either 

organization can be used s effectively as e ot er in pre enting t e 

•ubject matter of the begi general c e stry course. So e at 

ore to the point , t impllc a.ti on are t t gener knowledge and 

info tion, t. e application of princ iples, and the ability to use 

t a cientific method of proble - solving can be taught effectively 

by usi ng t e principl organiz tion s by t e corwenti.onal 

organization. The usual practice, therefore, of presenting 
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pproxi ately one an t r of gener 1 cour content before i ntr oduc 

t e to c structur ry is no or w rr nted fo r lar popu-

1 tion t l an i tee ly introduct ion of atomic t heory. 

eTeral a pecta of t e r esult of 

t is inve tig tion suggest precautions for , nd areas ot , a itiona.l 

re 

L In view of t e inconclu ive r esult , t e 

control up during bot ester on t e 

__..__ _____ ~~~~t~i~on:!.! could have been 

vantage enjoyed b7 t e 

erican Council .2a Education 

crl ti cal r ctor. A ore 

r igid co trol of uiv lence or a diff erent stati tical tee nique 

would be de ir ble in future studies. 

2 . Fro the re t.s of t is study the conclusion was re ched t hat 

it er of t e e organizati on could be used effecti vely by the 

instru:tor ile teaching e tudent in t e s quonce of cour es 

dealt with in t is inve tigation. These find.in , ho ever , 1o0uld 

pply only to t he general p· pula.tion fro 'lltlic t he student and 

instructor came. Additional re earch "WOuld be necessary to cer

tain whether t hese .findings ve ore general applicsb'lity. T a , 

of cour e, woo. ld involve other c oo l with dift r ent cour ses , 

iru,tructors , and tu ent • It a, be t t, i f the tuients were 

ccu to ed to t h erlmental organization, th exper.t ntal group 

uld t ve done b tter. 

3. fact t t all e (non- ignificant) di ffer e c s obt n d 

betw en th v riou at tistic I vor d t e a,nt rol C11P during t he 

f ir t e t ey all f Yor t experiment l grrup 

durin t e econd em t er ugge ts t a tudy covering • lo er 

period of ti e mi t r sult in ignif icant finding in f vor of the 
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experimental group. 

4. The instructors in this study were, of course, more familiar with 

the conventional Or' ganizat.ion. This suggests that a study employing 

teachers more experlenced in handling the principles organization ght 

also result in findings more favorable to the experimental group. 

5. In this study syllabi were used in an attempt to minimize the 

variable favoring the control group introduced t.hrough the use of the 

conventional textbook. This suggests tha.t a etudy employing two text

books, one foll owing the conventional and the other the principles 

organization, might, gin, r esult 1n findings more favorable to the 

experimental group. 

6. The matter of the transfer of training suggests another area 

worthy of investigation. A stud)' deaigned to determine whether the 

use of either of the two organizations would be superior in helping 

the student to generalize his leaming from one content field to 

' another and to apply this knowledge to broader areas 't«>uld poesibly 

make a valuable contributi on. Similarl7, the matter of retention, 

or permanence., of learning su ests another problem of some import nee. 

7. The factor of student preference in the matter suggests another 

area for investigation. A study designed to determine which, if 

either., of th t\oD organiza~ions would be preferred by students might 

be desirable. The findingt!I of such a study would have importance 

because the use of the more desirable organization would possibly 

result in attracting more students to chemistry s profession. 
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· • ertiea of BJdro m 
l. Pbpical :eE!!!Qies - hfdrogen like OlCJPft. 1• odorlua, colorl•••, and 

taateleaa. It. ia t.h• ll b\eat el..ant wei bing lus than 0 .. 09 gra,u/ 
liter at s. 'T.P. It i a sl.igMq soluble in vat.er. 

2. ,b cal e::oper\.lee 
lecular hydro en (H2) a not Vff'!' •et!w and " uirea eith•r he•t 

or- a catalyst. 
• l~ c e wi~h l:D.tlD7 ot t.he othff el*'81lte to tona b:ydi,ldfl. 

' • . ' • C.M2• tift.i, ll , HCl, HI, H~, etc. 
c. HJdrogen acts to r'®c• mtallic 0Jd.3°ea to g1:v• tr .. •tal.• and water. 

euo .. u2 - -~ cu • Hi) 
t.e - A coapouncl fl'\)• wh.1.eb o • 1• removed 1• aald to b• Nduc•d, and the 

nbatence t. tr rw• ~ oq-g-en is called the Nducbg q.nt. Thu-, 
in ~he above read-ion hJdro&•n ia t.he reducing agent and the CC'JW-l" 
oxide is reds.S. fhel'etore h7dropn i• a Ndlac1ng a.get\t .. 

d . ~ r ta 1ltL th •unaatura.t. • organic c •, auch •• ll uid 
ve etable oil•, to chm&• th• to aolld tat. by' a proc•.s call.«:! b;J'dro
,pnatio. Pmd.ucta produced 07 t b:1• pl'Oceu re ahorttning.,. oleo
aarprin• .t.c .. 

'. O•ea ot ff7drogen (pa&• 90) 
1. H7drogen ia used 

a. 1n produotng .-om.a · • N2 • lH2 -~ 2111:) 
b. tor bardeningtt fa~ tor fooda. 
e. for hydrogenation .of coal to .tOl'l'I lubricating oil•, a.ol1ne, etc. 

.. u a. l"'etNCing agci. 
e. tor 'T laboratoJ7 purpo9H. 

J\ydrogen Peruxide 

• General 
Oqgen and tqdrogen car.ibine to lo anot er coapo · ot.h t.han 

called bJdrogen peroxide ( ff2')2). In W• coapo J •t. Mc• u 
combined with the bydn.pn u in wa ~. 

ter, vh1ch 1• 
· b ox,-gen i• 

• Prep1t rat.ioa 
l. Hydrogen roxid• can b• J>Npal"C by: 

a. treaUng aodi pal"Old e with 11J(trocblor1c ac1d. 
• till + tJ2 --· ·:> tJ2 • l 

b. treat.ing bari• pa"Old.de ( Oi} with aulturie acid .. 

•· H~4 • 02 ·-··-~ BaSOi. • riao2 
• Propert.1• ot Hydrogm P t.dd• 

1. Hydro en P*f'Oxld• is a colorla•, auupy liquid vhic) d JX>fl• 1"ead1l1' 
in to 021'&• and vat.er. 

2. Sine• oqgen i• d11.y lib tect it is a atrong oxidid.ng t. • 

• Usea or Hydrogen Peroxid• are: 
1. midiung ac• 
2. bleaching agent 

). rocke\ fuel 
4. ge Cide 
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Cbapt.l'· 9 
\ion, Cheid.cal Cuculatiou 

l-. Foraulaa ol COllpOUl'.lda (aff Cttapt.er 3) 
1. The toflllila 1Dli t.ea the eemposition ot t.h• compound by ahow111C the 

~llow1ng . 
a. Th• •1-ent.a pr eat in t.be o.,Jlij)O'Wld • 

. b.. • nllllber ot a u ot •~h •l•ent: preseat in the c · • 
c. • ClOllb1.nlng proporUona (by weight) ot the •l•ent.e pNtJ;en\ in tb• 

Cea.pound. 
d. The l eculu night. d the COJ&PQWXl. 

• · The we1,g.ht ot YOlmlt or gas. 
2. A toraul.a re aenu · 

a. a aingle, molcal• or t.ha co,JIIOl,Ul'ltCl 

b. A definite t or the COllpolmd ( he grans.-aoleculU' weight.. or • 
l• oft COllpO'Qhd).. It t.lMs cOIIP)lmd i• 1n tho paeoua at.ate the 

fol"lllUl will also Npl"Osen.t ~ vol occupi by a coapound. 

t. Und:9 of Dftllllas. are: . 
l. 9!P!rtul ,.. lllh1ch ctn the r tio ot th• U fermt. ~ uent. 1D th• 

COllpound. 
2. Mpl~ - vbich gt.fl a trae N sent.a .on or \he Jl\01eculea. 

• 110le.cular tonmla f or etb7le• g.u is 0#4• Its eaperical 
rormu1a 1a o~. 

3. strucwral - nructural or grapblo tOl'IIUla• w \he Ntllt.t.1on.bip or 
. th• atou t.o each other 1a the compoWld. (•• pap 154 - tbea• 
· vill b• et.uUed .u.t.e~. ) 

• Valfflce - the comb1n1n.g eapacit ot the el.ementa.. . . 
1. Sine• at.cu in •tabl• leculu do no\ till apart thffe IDl8t e 80lll4J 

force holding th . tog•th8l"'. 'lbe two ld.nd. r valence (covalenee 
and eleot roval e) were •ritioned 1D Cha er 3. 

i. - the driY!.ag r~ • in tne combination of atou 1s a q tc, 
t.b to at.taln a •table oonti. at.i ot •lec-t.rona \lC'h •• t:he inert. 
guee poanee. 'lbere ere t.lfl'> trtql \hi etab-1• con.ti t / ,,n can be 
at.ta1necl, {l) by eaotron t,ranater- (electroYal.ence) and {2) b7 
aharin.g •lfft.ona ( coY&l.ence). 

2. CoYaltpp• ls detlned aa ttthe er of hJdro,gen at or ot.her 11D1•alen\ 
a.tau that tbe ato can hold 1n co dnat.ian, and u t.h ft,uaber or pain 

t .Jeotrona 9haNd With other atcu. · 
Note - Un1Tal .1,., b1Yalent, and triftl.ent a1 ee &tome with a yaleisc• ot 

•, tw or t.hrM reapec\iTel.7. 
). §l!ct.rovalence - 1'h number ot •lectrone which an el i ••t. gain r 

'to.e in order to readl t.he etabl!, "'!! P•1-tontietat n... ~ ctro-
Talence to either poait.iv , Ca , • ll , et.c. or e9t.ive 
c.1-, s•, , etcc .. put.1cles called ions. 

, Radical ions or Coapl.ex Ions · 
1.. A gro,o;p ot t,WQ or mor at.ou, bich ..-. cheioally heel and stq 

toget.h•r thl'oqh e 1cal - etio •• acting•• a td.n&l• •tom is a 
radical. &w.ip1u ot radicala are, S04 .. aui.t: te-; 0 4 - · nilllllJ ~ -
nitr te1 OH - hJdrond•; ~~' - car te., 

e - cal.a have valenc.. • other atoaa and fom po, 1t:ho OJ" mpt1Ye 
iona. SO: sulfate ion; unooi• ion; NOj nit,nte ion, etc. 
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2. UlOUllt. t -· tn e · of o3 wi.ll ce. 
~ i°l ctY .. 96/21.;.2: 0.3915 • t o2 { rr 

ic}. 
er or · ~ rama ot - 10,. 

0.391s x o1 o~ an•• t 

k - • ft>bl• could b• a:olved u Nad.117 to !ind er 
o1 lit..-. ot oqpn at. • T. • by 1ub•t.1tui g 
.molecular TO · • tor its • ga,a l lfi t . 

o\ - The ~ :r b • e!.fieient a\. J)l'Obl• aolrln& 1• 
practice.~ YD · will tind p , tbl of \ • type tl.7 
111 t.be 1'4Mi ndel" oE the co and in t.h c urae for .xi 
• 
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Chaptel" l2 
Ionisat.icll 

l . Ioalsat.iollj Electrol;rt•• and. n.-electrolyt.ea 
l. lonlsat.1 • t.ffll that. 1• appll t.o t.~ , e • that takes ~ 

Ill--..· leCllle• d1a.soe1at.e into c ed parlJ.cle-•• cal.led ion.a, 
upon being disaolYed in e•rtain aol.Yent ( usually' •ter). 

2.. trplz!! - a 8\lba1'aJlee icb. when diesolved in cfft&in solveta, 
or when tued ,•1 } , disaoci t.N into 1o-n!t • 

.). on-e};ect.ro3l!:e - a substanc• t do not seS)8l"ate tnto 1ona lllhen 
41s•olved 1n certain eolven~• euch aa water. · 

a. . il"Ul pert1 • or Solut.i a ot ectrolyt•JS 

A 

l . In elut.ion• f el voly\ea the boiUng point and tree&in& point •te. are 
abmrull.7 att.at.ed kc&us•• it. is Neal.led, the e olligative pl"Opertiea 

' o~ aolutton. u. a r aul;t. ot t • ei- of Ucl•• preeet.; th re!or• 
it a aubstance 1onis to fo two pdtiel&• per lecul• the en•H-• 
ill boU1n.g po1nt, etc. 1fOlll b• twice u O"Mt.. 

: .. 1heo17 of lord.at.ion 
l .' ·. en1u 1)leorz: {1887) • the f'ollowlnl aa ptionai 

l.aa1• oE elect.rolyt•, when dia.eolved in watc '1aeociate into 
ch&ra particlu called tou~ 

b. There 1a the same ....._r of positive aa m t.ive c~• on th• 
i ns., t. 1•, the aol.11\toa u a whole 1a neutral .. 

c .. 'lhe Pf'OOUS ot 1om.sa't1oa ia ftev•Nibl• eo that neh aol.nt.io · q 
COl'lt.atn both 1on• aoleculea ln a mt.• ot equi.Ubn. • 

d. od read-ion• 1n ionic 10lut.1ons tan pl.aAt• Ntween the lone, 
t • aol.ec\:llh will .uppl¥ ~ iona o •er t.11 tJley are up .. 

•· Ions are just u eltectiv• a• noleculff in c:han&ing the colllgative 
propertt.a ot solu one. 

>. ~ence ta pportr t.he flleo17 of Ioni.a\ioa 
l. lutiona ot electrolyte• w.Ul conduct an ei.etf'ic ctll"Nlll. 
2. th• abnonaal loweriQg of tJw treesing point. imd elent.ion ot t.he boil1ng 

lnt. 
3. bnonal oemUc preanre. 
4. ff1ch •lting point• ot certdn COltpOW>d.a. 

• ~ ti•UM or P..-cent,age ot Ioaiaatiori 
l. Stroy •lect.toolzt•• - a subatmce that i• alao•t et.111.pletel.y ionized or 

al.Jlost, allot th• l.ecul.• are asparated 1nt.o ion.a. 
2. ** tlec!£0).ne• - auba\anee that. 1a relaU.Yely on}J' •11ght.ly ionized, 

or moat. ot t.be nb9tance nma.:l.na aa aoleouln. 
3. The <l•E•• al icmisation ca be dete:rained bJ" t.he abnormal1tY' ot· the 

coll.1gat1ve propel'tiea. 
For ex. - It KCl lord.sea t'Ol'a \wo p,articl•• per lecule 

ICl • ) 1.• - Cl-
the b-oil1ng point. Wlll.d be elevated 8AC~ly twice u mob 
and t~ tl"eesin point. deprea.aed twice aa .h t.he.1 voul.d 
be it no ionisat,ion took pl.a~•. Ute colllgati:we 
propertiea are proportional. t.he degr • ot 1onisat1011. 
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3. ercblor-1c add (HCl04) 
a. ration, 

4KC'l~ • > KCl • )KC104 

KCl04 + H~4 "' ,- DS04 • HCl-04 

b. pe:rti•• - t.be percblorat.w an the at stable aalta ot t.JM 
oq-aclda ot cbloi-1!'•• 1'bq ar• &oocl oxidltd.ng agents and sc104 
ia near)1' iuolubl• 1n wat.r. 

c. u ... - 111• perchlorate• are u 4 as oxidhing agent.. and 1a 
qwmt.at.1•• analyeia of pot.ad-.. 

4. Iodlc acid (HIO,) 
a. Prepara\ioa 

alO) + H~4 .. ~ lfaBS04 • HIO, 
sod1• iodat. {lal()q) 1a totmd in ChU• aalt.pet•r and is the 
pr1ncipl.• eource ot'1od1ne. 
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t. 
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l 
2 
3 
4 
s 
•• 

10 
ll ... 
18 
19 
20 
2l 
•• 
28 
29 
lO 
31 
•• 
36 
37 
•• 
S4 
5S 
•• 
81 
82 
a, 

• 1+& bu a low•r eaergy atat.• the 3d, or 6s bu a lower er,.e,:g at.ate 
than 4d vhlc 1• lower than Sp. Therefore rince elecuom al•T• oceuP7 
the loweat. enel"gY J»•i t.ion a n ahell ot electt.ron. i• start.eel be~ore 
the Wrd and. f ouith aho-lle ar completed. wflltl" a &i,Y-«1 • •ll ~• 
th• tifoat Will nu the • Ind p subahella (8 el · t.roona) before a new 
mell is • t.ed. this g1-... MM tot.be transition elaaents :lncllding 
the rare earth•~. 

,. !&len.ce ell - since t:,e ei.ctronu in the out.er shell or an atom d•teJ'IIWl• 
th$ chi cal p pel"tA. of the •tiou tb-, •• called ' valence elecf.l'tons • 

. • valence -1!.U. ot atou t.end. t.o tcra atablAt conftpat.tona ~ eigh\ · 
•l t.rr:.,Qa by giYlng oi- aocepttn& el ct.l'IOna (on ation,,;.redw:;tion) 
(elect.ro'f&lence) or by ahar1n& el t.ron (<:oftlan:e}. Thua tbia ia ot 
prlJu17 laportance to • cheat.. 
a. :§l!!t.rn!l~ CLHmo!!¥:lt an tormect by electNv&l ce or b7 tran•t r-

rin& .i.c .. o a •• · letely glvea up aore than t.hNe 
el.ect.-on• t.o rorm a pold.t.1n ion -1• no a pirua - ple~lJ' 

than ~•e el.ctron• to fora a negative ion. 
'b. Ccmalst COJIP9!!'9f are foraed by atou ebar:l:ng lecvon. to coapl•t• 

th• ftl.ence abella.. In abaring the elect.rone an not COllpletel;J' 
loat or ain tis' eit. r atou. 

'!he L-,;btrT,Ontc stru.ctuN of Solle -.nta in Tabular era 

'•hell 
iuat. • 

/ 

H 1 
• 2 

L1 2 
2 
2 

•• •• 
)le 2 

2 
•• •• 
A 2 
I. 2 
Ca 2 
Sc 2 
•• . .. 

2 
Cu 2 
Zn 2 
Ga 2 
•• .... 
Kr 2 
Rb 2 
•• • • 
Xe 2 
Ca 2 
•• ... 
Tl 2 

2 
2 

Total/8bell 2 

l 
2 
2 l 
• ••• 
2 6 
2 6 1 . ... . . . . 
2 6 2 6 
2 6 2 6 l 
2 6 2 6 2 
2 6 2 6 l 2 
•• •• • ••••••• 
2 6 
2 6 
2 6 
2 6 
•• •• 
2 6 
2 6 ... ... 
2 ' 2 6 
.. .... 
2 6 

2 ' 2 6 
8 

2 6 8 
2 610 
2 6 10 
2 610 . ....... 

2 
1 
2 
2 1 . .. ... 

2 610 2 6 
2 6 10 2 6 .. ...... ... 
2 6 10 
2 610 . . •.. ... 
2 610 
2 610 
2 610 

18 

..... 
2 610 
2 6 1D ... . . -. 
2 6 10 14 
2 61014 
2 6 W 14 

)2 

l 
• • 
2 6 
2 6 
• .. • JIii 

2 6 lO 
2 6 10 
2 6 lD 

18 

l 
•• 
2 l 
2 2 
2 3 
s 
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•t.rT 114 1• be - r•t. cour•• a two • will b• 
roll<M lq' iav, 1.24. C t17 124 1, a con\ ·· ation of -,try ll4 ed 

• bt ud _ to17 umual ah utod tor both cov•••• c p en•i•• 
!A91lliLM~~11io.n v r ?>ot.h co _ ea will b g1vs ae the fi. al _ Uon fo-e · •t.17 
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lilt. d1t un • _ •· Sol c• ot Chtlli•trJ 
., ... and .,..., 

1twl7 Cb&pt•r1 l. Ind - • ) 

propat1 .. 
theot"i .. 

&l"l"'tm.lllOQ. into & ,qat ... 

• (bu 

• 

of a aubat eJ it t q 

rinc1ple 
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. ,t . 
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_,_ 
Ob4 tva 3, • and 18 

•t&M••, Law ot ChliAlcal 00ilb1M.\ion, 

l. Fo pa et t.noee 
l, &••'• .. u• •ub•taftc • incapa.b-l• or b.S.- l>roktm 4owtl 1nt.o a1 lv 

8\lbatuo• bJ' ~dinu7 · heaicu Man • Th• •lecul•• of a · •l._n, 
oon,1.t t ·onlJ" • kin4 Qt atou. Th• 1 .. nt• aN the • tal 
•••"*11.c.. trtNa vhieb ..U. Uun- nba es a.re • •• 

2. Sif!eJndp • -.r• o "4 ot IIOl · I t.bat ... all 11.SJt• but NO •l • 
c \aiait a\ 1 ... t dittere11\ • of a • uad 1• ,ianc• 
oo • of aoleoul .. whlOh an .U a.Uke. 

, . Sft:!.re• - • •ut.UN i• utt cOIIIQ)Oe of iw9 r · n dift•nnt kind• ot 
"ntiI--1••· 

4. Solu\t,on - a rw.»g · • aoleclllar au:ture. 
· {•luti M will b• diaeuaed 1A Cbapt.r ll) 

t,• - •• aq l:l• h:0110geneoue ('11k• 1n au ell' pvts) or ht\•N •• 
(no •We:• 1a dl t, ..- pata) b .t •1'1tt · . are 0110 'I• mtxt.w••. 

ote - fher• a• 92 ut,ur&Uy oocuning •l.._ •• Th •l-a\a are t ••• 
· ional int.er••'- t.o • 1n our elw!J or btlli1t17 · ••••• u1. ot.h 
~ • are ud• tl'Oll tna. · -.nta oollbin• t tors COl'llooiima 

•• , U"&l • . at.a.no•• ... awctUNt ot tbeae • •• 
obtllloal operation, 1\ 1• .. 1bl• io 9'•1':ld.ne how iwch or eac •l•ent 1a 

P"• 1A a o~. Thv• v• . geoeral • • ot procedv•, palp1a 1114 
IJQVleal•, toza avl'7in& lit, ••hop atd.OM. 1A lb• u'lihod ot ~7•1• a~ 
weigh ot a • Ubd ta .n a.• into it.• •leatQ\a, aft · th• n1 · · te ot 
t • •l• t• det . ed. In th• ••tbod ot qnt.b•tl• \h• com 1• built up 
tNa 1t4 •l .. rata th• wagb1. r.iat1 1b1pa bet.wetn th• .i.-t.a ell4 \he 
COII.J)OlU)II ar. obtailled. .tq i • 11•~ oh•l•ts ta.Ye •t•fflin-' th• 
_.., C011pOai'1.e• t udNMt• of. eoa.pov.llda. th• tact• th• ob\a1raed fo 
• ral law ot oblltlcal 1aa a hi.•• 1.-. tonml&ted. 

• tau ot Cb.s.oal CClllbia&\ion (•" pac• U,..l.26) 
1. 'lbt le st ftPl!?!t!\91 ot MJ! (••• pag•• lO and 119-lm) 

,. 

lt the tot.al ••1ah' ,-_. Peaoto • ich en\ff 1n a c .teal clwJ&• 
1• co - td VS.th th• t.otal. wUgti\ ot ~ procbaot• ot t t obanp, t.he 
tw ue to to b• 1 e\ioal... he • carbon bul'U tn · >lift•• oarboft 

oq&• an h• r aet.«n J carbon. dl<Jld.d• the prodllet, and 12 ...... 
et ce\lo comb.inn with )2 gr of ox, .,. g1 v• 44 _. t etat'bon 
dlox1 •• 

12 • • 32 • • , ~ 41., g. 

C • 02 --• CO2 



• 
und." 

t a . , , cotlbin• 

n• l"a lo to fora 

· c t, eo17 p1ctured th• atou u ai,nat• fl'at,Mnta ot utt•r, 
•~Ml- n .. 1h• ·oaq propert.y acocnant.ed tot- 1>7 1t waa 

1. O.INl WonaaU an Detini .1ona 
1. Attual dillene1011 · cl wa ~ &111' •lrA&l• at.a i• too IUll \o ••••with 

th• •o•\ M op\leal cl"O•oo • or 1 • ••1ah\ d•t.ect.ed 14th the moat. 
•e11•itiT• balance. 

· 2. • qatt. ot relatiYe ight.tl b '4 • an ubit.rurly fix · a · · dad ia .... 
.3. ~g •t.tl\t. - th toaic we1.t,ht uni\ 1• al to 1/16 be w.t t. ot the 

o . ea atcaJ t.lma, the, w•igh\ or an qge •tea 1 arb1tr 1~11' aslJiped 
the ve1 ht 16 atQJd.c weigb:1 unit. • BJ alng tbia prooechar• \he ato111c 
wights ot all th• •to• an on• o~ ~t,r. Oq, • was c • · • ..,. 

ecau it c · in • of tb• ot r el.. :ta. 
ot.e - A tabl f the ftl••ui\a, i,noludi..q .,_.i..,. atollio maabera, at.om1c 

wet 1e I . tb• inaid• I t, 'be.elk . COTel" of \he tel book. 
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• · • struotve 
l. An a 

a. A •. ~ .. ,., 

per •• t ... 
• p !JJ {p) 

Th• neutron (n) 
The •leovo <•) 

_,_ 

• • at . wt. t 

nt. 

ad kiDde ot atou in • _ t .. 
r" t.a d t 

.. 
1S4) · 

~t • ot th• Atom 
30 ... 37 and 321-324) 

.,.ta) .. 

Q>mtxm·•t an1 l.e:e ot the A\Qla ( • 322} 

Ohara• . •• (0: 16) 

•iUve ~ oa• ti 
AOC p 

te.r • l.007Stl2 
lil.rge l.00 

t /lf1J7 
• 

n• tiv• ·bf on• uni\ " ...i1 o.ooosi., 



!he Att · · tor 
1. lt ia a.-1aea 

1R order t 

.au~ll dot ,1, a .w 



• 
At • ... L ah!ll 

•· .... • 
l 8 l 
2 H• 2 

' 14 2 l 
4 2 2 
s 2 1 

• • • • •• • • • • 
10 -· 2 2 6 
11 2 2 
•• • • •• • • ... ,. 2 2 6 1, I 2 a 6 
20 Ca. 2 2 6 
21 2 2 6 
• • •• • • •• •• 
28 ! 2 2 
29 Cu 2 2 6 
30 Zn 2 2 6 
31 Q 2 2 6 
•• •• •.. . .. 

• •• 
36 Ir a 2 6 
,1 2 2 6 
• • •• •• • • •·. 
S4 X. 2 2 6 

'' c. 2 2 6 
•• •• •• • • •• 
41 n 2 2 6 
82 2 2 6 

2 2 6 ... •• •• •• •• 
2 2 6 

!oW./aheU 2 

·7-

t tn abl&lar 

~~ 1h Al Os ell 
• p d • d I • p a t •· p 4 r 

). 

• • 
2 6 
2 6 l 
2 6 2 
a ' l 2 
•• •• ·-. • • 2 6 2 
2 6 0 l 
2 6 10 2 

6 lQ 2 l 
•• • • • • .. . • • 
2 4 lD 2 ' 2 6 10 2 6 l 
•• •.. •• •• • • • • ... • • 

61 2 6 10 2 6 
i 6 10 2 6 lO ' 1 
•• •• . .. •• ,. ... . .. •• •• • • •• • • ·• . 
a 6 10 2 6 lO 2 610 2 l 
2 610 2 & ·1014 2 6 ,Q 2 
.2 6 a ' 1014 2 6 10 2 l 
•• •• •• • • ••• •• •• . .. ,. • • • • •• ,. . 
2 6 10 2 6 1014 2 'lO 2 6 

u .32 lS • 

&ftanJt. , • .,., or . • 411..o\rou IJl ... 
, I 121• •elPr• 1d9! •• 

qtll 1a t.bat. • 0 V ( T&.ltlDO• • •U) 1...i. 
ese elt111n\a ~ ell i .t.o\ron• in\• t•1110•' 
• whleb h c-,l.t.. 111 . tw •:&. '-• tn 1ta Cllll7' 



~. ow w are ..-..u1. lo e~l4U .. ,"" 
po ,rt• 

two 1• .al 111191 
ical ~t.1 ..... 

(1) bJ' loldng •l• t in• '41>1 er gatftlng t,._,. ther a 
( 2) t>y aharin& •l w1 ~- • · • 
1. lS!9tzgv!49op ... ( . 3S &l'!d 33J} t. • ~ ot •lctron . 

•l. ... ni""-..t ill o:r lOM · o An' ton h b• 1 t. _. 
·• roval11111Ce i. po11t1Y• vb.en •l trona &N '1,ven ott 

aa~ «r t.01Hpt.tel. 

ch an 
1,gurat.1 • 
negativ• 

2. CoY.alp• - (,- • 36 . )JS) wbtn •1- . en\• NM a It.bl• "°nti&Ql'&'bi 
r a .i. \Nae. 'ftl• mabel' ol pain ot el.o\. ·· • #hared 1• th• 

coftli •• U1ull.7 aklu ~ • pair o! •1 t.%'O . , ne or whilh la 
d.t b7 •db ...._. Tb·" u anot • n.a called th• 90..orttwt.• 

o,9l'Nr!P\ Jm.rs vh1 1• t, . b7 on• of th• -1•• proY1din1 iioti 
•Iiitii •. 

h 41 + C ·• - ~ a.Cl 

DOG:ua ton + ~14• 1<ift - ..-.+ . 41• cblcr • 

JJ9) 

at - C 

• 

• 
• 
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Chaptv 1'1 

"'1.T.'W'IUftY.W"• th• ffiod1 t able 
{ .. 307 ... :,1: ) . 

• 'l'h• eri 10 Law { &• 3U) 
lt e phJe1oal lad C ai al p 
ot heir •toaio mbc-1. 

•ral Aapeot• of\• Periodic t l• 
ote - eJCt. or l tom ot t.be pmodic tabl• l• be \bi• 

• 1a on pap .316 ot the \q'\ k on t • 1-ecture 
wall. 

l. GJ!!P! • • v.n1Ml oolwus are all · g'Ol,IPIS. Oro • l to 7 c Id.at t 
a ma1n gNQp a • . 1dd.. are u.lled taUl and ar. 4••1 -

.\edu -.S.lTAan · ilyB. 
• Orov,p I A { p one F-1.lJ A) 11 fd\9 •llral1 ta!l~ Lt, a _, tc, • 

Ca · . ( gNU.p) 
. p l ( · p on• -11¥ ) i• n. •1lv• t · l;r eu, 11 end Au .. 

(aub-· p). 
ot.e - In be • ort. tol'il. · t t • od1c abl• th p 

an lhow int ... ool-.n•J in o a\ tOl"ll t are • · in 
• at• col.wma. ru. 1• • ..... u.i U't•~ in t e two t OIPlle. 

· t • • !he onl.7 relat1onahip t.w the el n 1 1n \b• t taiail1ee t 
p ia at the, ~• . ••• JMlber· ot ulmc• -•l•trone. 

eh horisont.i tow it a • Th .. 1• a total · •1X perlodaa 
e abor\ p o \-., el- t., B NaCl Bt • 

• Two attar\ period• ot elghi eleetl"Ont each, •W 1n with Li (at.. • J) 
and a (a • no. ll). 

c, ho long period• ot 18 •l••nl• each., 1t..-t,ing wl (at. no. 19) 
. (at.. no. 3?). 

d. loq period r )2 .i .. nt.e ,t.atin! wt Ca ( t. n " S5) 
' ·lwlin& 14 rar..-..nb •l ata. 

3. • atp lin• t deaci.aa the t.ablA toward • 1&h •• . a u the 
a•tal• ( to t.. l•ft} t.he nomelal• ( . · .lta _.igb ) • 

4. Tbe i-v •l t• (S7•'7»)and th• \1lw1• am (89-98) ai-e • 
• atei,- at. t • 'bot of · • char • 

t• - The 1 erioda are due · the ti" · 

-1 1n irtad• td. · ,.111111.ar propettti•• -
ot the t ,. 
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en\a, 
11 • of el ente lu •ad of aingl.e 
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t. Hi1'°'7 ot 1en 
l. . , ail.,. &bl Sc.h•ll• d1 COY«Pe4 OXT; •, 

tor • diaoov•rr. 
2. L&voi•i• im• igated "'bl:ll'ttlna!" 

I. 

(pq• 39) 

•• • 1• OX7g«.'l. 
,t t• ( . ). 

• . eparati ot • 
1, H•: \in& oqa• aoa und { , 1C103, ff · O,, etc .. ) to lib rate rt r al.l 

2 · 103 ~ 2!01 + J02 
of • 0•11 • 

2BgQ --;,,. 2li& .., 02 

OB+ o2 

J. .r•p ra ion u 1, • wot Jui• J. .!I.Ht 
a. · . epvat!oaa wtii be d~tcl (••• e "'3) 

4. lJ:!M'.•'!s?n !!!a-! t£yt.1ww uifMU!'ite !! .lit 
a. ».ti • diwtillat1on anc1 tnc;iional diat.1.llatio: (pag• 44). 
b. ur11 all the ri al. ~ en u ln t ni toed t.•• • pr• *1 

b7 •ti • 
• - .acUonal diet4.lla.tton t atr • •hctroi,.t, of ll&Ht" are 0011Mr-

e:lal. ethod• of prepa · ollJ'a-• Tbe o v •t.hod• are 1-bo:rate>17 
u •• mo l .. \bod• t.l"• p.rtoraed c eap).J on & lari• •cale. 
labor• 1 IUt.h,ods an t <>naed convtmi tly on a -.ell acal•• 

1. .-ti•• or Oqgee 
l. e1 , 'l'Opert.iea ( w oql) b•h :l'•s by it••lt) 

a. g · . 11 • colorl•••, o4arl•••, ta.tel•••• •• lilbiob qighs l .l.29 
a/lit &111\l 1• 111.icbtl.7 eolabl• in ,wat••· 



s. 

I .. 

8 

• Ox1'1• ato•, Uk• all ac\iv ca•••, tona ctiat<atc 110lecul.•• (o2),, 
t two a a AN· not. . c · n ( 0). 4,; etc. 

•• 
b • 

• 

at high 

la and .non-

gt • water, 

... t.be ah ter . n r tue a.Na «xpNtd the 

l.U tb• ate. 

pff'\1• 
l. b7atoal .. pale- 1.ue co ga• vlt,h a fff\al · , 
2. call.7 - osone 1• like oq ·:ctn u.o4tpt aotie act,ive 

t. 

1. v ... 
l. ox1d1sing IU('Oj[Ui, ). lli•W.ct.ant 4. O«><toriaer 
2. 1 obing s. t..r.Uieinc dtintd.n! vawr 



l. fb · Ch 
l 

s. 

the 

-lJ

Chaptll" 5 

t..t 
• all •ub• 81MJff """·-

8 

differ ·t. tottaa or 

be or t •7 nach t, · • liquid 

ti 

..... ..... -. .. 
a, ••• 

• la• 

.o.t1J •• 

• 62) 



• 

pr-e114li.bl• 
tUl any mnt •r 

aett l• 
•••• an boao IDM'd 

..... .i. 

•••• 
by d1V14ing t.be 
• d ld.ned b7 

(aol•cu.l ) ,, 
the •1•• of the 

tilth.,-

i a, • 1 no ay ra&• 

l 11\UJ• •r• alowlt ~ li t•r 



I 

AYmmpn 1ft 176' ml 

DU111Q 1 

•• 

t&ll ( 
' M f • Al, • .) ac 8 te 

• 
.. .. fl 1' 

2 • 

b. 1f to 

• t 
) wlU , ct wt· .... (> 11 .. 

• 

• ••• ,t O 1' 
I 1' l t 

t, ook• { ) ' ,. ii t---
. ' • C .... ~ 0 + BJ f 

o. • 
2 t (a\ hi .) 

t • · al, • . • 1\ tn • act1.S. r 



• 

• 

• 

• 

... 16. 

04 '", 7 M&SO· .,. C 

B 

_ t.e - rw toll.owing • fol'lllll.& • t.ion tor r•aciion• u 1n • • ve 
ti.on, 1nd1c• • a pr c1p1t&te when point.in downWWd am a gaa •• 

potnling \l rd • 

t ¥4Jl7 ac1.1 • and N uirea eitlut ll••t. OJ! 

to ydrid •• 

• Q "" 5t ·--~ Cu • 2o 
Hot.• - ·. tr-om wh!Qh • i• NMY.t t• •1 t.o • N<htc d, am t.he 

a • e \. t, r.-.oY .. t.b• oqpn l• called t,b• Nidlloing •c-nt. nm. 
1.n tb• abov• reaction tqdroaen 1• th Nd.-uc1ng •cent en . tblt ,copptl' 
d o• is re ;e • _tr.tor• bJdrog 11 a rcacing • t. 

· .. Jvdro r cu 'tr.lt.h •asat1*'ated. ti OJI' c c •, auch •• liq\lid 
v • .. • oil , o llhaq• . to. 10lid t•ta b7 • c•a• n-l.led h,dro-

ation. Pnd te . . oduced 'b1' thi• ooe • e.rtt • \.uln * ol~ 
in•~ eto. 

l'l'ftll~tfll!ll'l' ( • 90) 
H.Yfjll"ftl!!~ i u.ed 

•• 1n p.rod !ng .... 1. • 2: •) 2 _ __, 2'fH, 
b. tor "h ent.na1t ta.ta tot> IQOda. 

tot" hJdroaeaUou of a.,_l to lo.,. 1 bricati.ng 011-, suoUne, •tc. 
J' ing .. ~,. 

labohto17 ~-···· 
....... ~&-u.pn P•iooxid• 

•al 
ic and lqdrog.n U\t \o fora anot c- OOll t.ber tlwl t•l" • wtllch 1• 

called ~&• perox1 · • { -tJ2). 1D · • olld4 Jwa\ t.wlc• u auoh oqgtn 11 
CO!lb1n . vi th• JVO&• u ln · • 

para\iJ . 
l. HJdNtpn pet'Ozid• CAIQ be p.NpaNd t>7s 

a . treati.ng • di · ero:d4- wit.la bydrootllcrlo acid. 
- • 001 .. . •tJa --~ a20i • . · 1. . 

b. tNat.ir:aa l>an.ia p de ·( 02) wltb •ult.le &lid .. 
HiSO 4 Oz - ·7' . · 4 ·• H202 

·,erU• ot B.,dftgen hNdd• 
1. flJ'dropn pel"OZid• 1• a •loPl•••, tdl"llPT liquld whioh dee ••• Nad1l., 

into o:qg• ..... , .... 
2. ce _.,«n 1• ru411J 11 .-a.t.-4 1, ls a •t.lton& oxidi . . agec,~ • 

• U••• ot ff1Uoa• ~~ • ares 
l. o.xidising agtaf. 2. bl••cbtnJ agent J. rook•\ r-&el 4. 4-.S.cs.d• 
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Ch&pt•l" 7 

l . • ·~· 1. 'lh• tena ataoaphere is • ppli to th• ·\~ ot a, .. , called r, 
•'ll.nO th, •arth. 

2. '.th • e\an ~ PNt en\ in t.tie air are: 
nit. g , 0X1J en, ..-gon, 4- dioxl , h7droaen, n n, bill . , la7J)ton, 
xen.on and ter Tapol" (a • ta.bl•• pase 97 tQ't' ere ag .a) 

• The Uen or 1 _ o.t t.h • co · n .. ta in t.h.e at.oe 
it. - ( it.P gen Vil be · 
a. saYea to U t1 the oq-, 

2 .. oq, • <•• , ti.on on o-x, 
3. t.•r Va))OI" 

• a\er Yapor in • air ~co t• £or all pr eipitation (rai s, • w, •le. ) 
,. W t r vapor •rv•s to ~•gule;te· e t...-ptHtve 

4. Carbon dioxid• (td.ll • at 114 later - Chapter 24) 
a. C bon dioxide i• ue.S l>7 planta in \h• proc •• ot · toe,nthN••• The, 

proc •,,.which oarb h.,drat• t • &N ad•• 

w., ... 
l• lapartano.• ot t..r 

l. · at• 1• •••~tial t;o 1 • (th• :h\Ulln bod7 1•. al.mo . t. 10. wat.•t') 
2. Tb• o 11,1. ·a of vat.er ar• uaed •• •tuderda. ta-, 

a. d tiftirlg calorlu 
b. r•t•reno• poi.Di. ~ - ti ad• \h~et•r• 
s0. wnt or 'iql: • -, th• 11t•r 
d. nlatf.•• d.n•it,i • - the ape:cttio gravity of l.i(tuid• ~ aolide are 

uauall7 r t.-r-ed to ••t.•r at 4°0. u he:ri»& a dena1tJ' ot • 
• • .Ui..o a\ - the apM1f1c beat t vatq it one oelori• 

t, • • • cifl.c h t o a 1\tba\ance i• t.h• ~ of calol'"iea ot hea,t 
r at rat•• t• aatve or one gl"'all of the •••tanee 1°c. 

•· h1'11e.al Pl'GP'ri1• ot t.v 

I 

•• 

l. ter ia • colorl• •, dorl ••, 1\-1••• ooapolU'ld. 
2. • at of vaport .. uon ot wat•; t t 1•, '11• beat r ed to eYa rat.• 

one , le S.39 cal r1ee, wb.lc by cqpariaon ie v•r7 h1 .. 
3. _ · .- bu it• denalt7 at i.0c.. tml• ice trNs • n 'top ol a bodT ot 

v . la ia 1apo · t.? 
4. The denai\y o! ic• 1• l• 1 t.han the den1it.1 ot W&Hl"'. t.• th1a iaport. 't? 
$. • a\ ot tu•lon - 1. the · o t. at beat., awe a cal.or .• , 

hm>lY.S a er• ot wa\i.- tioffln or a . • ot -ice el.ta. 'qae at. 
ruaic.m_ ot W ter is · cal/ • 

6. ie an •xc•ll t. ,olv11111\ 

1. 
2. 
;. 
4. ,. 

1!h• • • 



Law ot C • c&l (}. c '!heor,1 ........... , 
"' !tot.op•• 

• Lav• t Cb41n"-1 CoilbinatS.on ( ••• page 3 . f -,11 bu) 

• Atc»do eo Ca • «• 4 t ayllabu) 

2. 

,. 
\a ••• 

•• 1n 

• htldet U1Uall.1 expre• · a\omic; vei t, · n· gr 
P'UJl:IOI, •, ounc•, grain•, o~ 11Q' otbv t• ot weigh\. 

ell • «t. 

l. ¥• ,aa . •, Lall ot C , ld.ng ol (page Ul) 
l. t'llb gases eomb1J)•, thve 1e a whc)le,.n\&ber :ratio ~twfftl h•ir 

ffl.,..., and Mtveeft t.h• v:ol • ot either . ._ of th end t t; ot the 
uc1tt 1& a .• • 

• Avo actro•a Law { • 131) 
1. . 1-..• or all P.•• er tile ••• eolldU,i • t t•p•rature 

aUN oonte.t.n equl. uab•r• ot ltO\il•• (•" Chaptv S). 

f. 1~ , . i,gb\ ml Ora olecnalar atgb~ (pag• 136) 
1. 1b •lto111v wei 1• t • or th atomic ••1gbt.a la t.be mol*CUle. 
2~ The at• looular ..S.gbt 1- the••• maabet' ot p . t the eubetanc• 

u ttu,. leotll&r night.. • cv~n dioxide na. a · 1 .. u1ar veiaht ot 
44 i • · that • Ml.Mule . •f 002 ·w1µ w1gh 44 wt.e . an a ·. t · 
oq • weigh• 16, P t1nd t . IIQlAO\Ut.r wi&)tt or H~ take, ••· 
ot t. e -..\c:lldc w•ighw 

:1 &:32 0:16 v =2 S:)2 

' 

40 :: 64 . 2 + 32 ~ 64 : 91 ~ ul.u •• t t li~ 4• 9 anaa 
a a.l• t of ih• ~t.anc•. 

• gn.m ol ll1ar v.i t (G • .N. • or l•) of ..., ustt.ae• 1• th• 
eculu- ••1P• il'e.&s in gr •. 
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••• in ~. 
VG. ., ot t •· •le11Ut• Pl'1l ent 1n t 

eollll>01ilnd ,. 
d. Th• aoleeu wet. t. or · e coaa 
e. • lf«lgbl ot a YOluM of 

a. A to~ ent.• 
• A •inal• leGlll• ot tu C.Olm01Uil 

b . A d•ttnit.e ni t, ot the o . Del ( t,n• gi--....aolflC\llAr weigh\ or oa. 
l• t · the c O\U'ld). 1.t the OOllpo1lild • in the Pll~C •tate • 

tonaula wU1 also r• •• tni the l; ocou ed b7' b COii • 

• 
2. r ... which ve • t • NJU'••.n.t.t.t ot \be mol ••· 

·_ • · . lecular le naula t r • a,'lene N i• Cif.4• It eap•rical. 
to · 11 O ~.· 

,. §t.pal - •t.ruct. Nl or n . · .tat'idllaa .tiow tbe rel.at.ions ip or t • 
&Nf.o •a.ch other u, t • aOllpG . • (••• p•a• .154 - the•• will b• 
stwl1 letei-. ) 

: • lcal lone or C . lea IoM 
1. A p ot two · r o~ a a., ltd.ch -.r• eh icall7 n and •tq 

togetJ>v t.hl"ough Ma, c:h-1.oal ..-cuou., actillg a• • eln&l• atoa 1• a 
ractioal. 

ple,. of i"&dle&U &r•I . S04 • wJ..tat•J IH4 - ~J 03 • ni\P&t•J 
OH - b7dt'oltid•J C041 • Carbo t•" 

t• - lia.dic u h v• val.en-o a like . r •toll• en4 t po•iti ve r n cative 
iou. ~ nltat.• lonJ Rt ll1Ull:Hd.• 1GllJ H05 nit.rat• ton, •ic. 
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ll1 the t1h react.1 . 24,000 cal. of h t • p cluc$d. In t.t» •~ 
• t i 41,250 al. of h at W4tr . ab,o ed. 

I. •1&htc c,alc\ll o t • ua ion• (,..• 161) 
Note - i hi• •ta&• ot t co •• t. 1 · · TffT de,1rabl1 \ t. ch a 

•• quite •P •t. world.ng ao called ~ldu probleme. eift& 
\o •ol•• bl.. or i• t.1P• «uhl • th.• at _ en\ · al . :te v 
lllCh •teria.l ho can r•J>N"• a given :weight • f 1tarling ut. 1&1 
r ho ••- o the ~ ct.n.t. o. I"• r · product a ai•en unt. ot 

p .... 
Hff'• d.n it 1• --·· ed t. t ta• blln u•• t PNportio I b7 • 

e d nt, 1• not. .,o4. • Pl o _, 1n tr 111c ••d.•tl7 ar• 10lYtd b7' 
reuoalng baatd n t. . . la• QJ" Pl"1•1pi•• .•1 applied. an4 by el•entar.r 
ari\ba 11c. A good proo~dur. ·ic follow in •ridng roblAb 1• writ.• 
do tu inforaatton gtv• t W Nat.1 1# n• t you 
..-. tqing to ttnd.. e.ua,l• or a '7P1 al bl• and the steps used 
to aolv• 1 \ toUowa. 

l• - Wu\ weigh\ Qf oqgm ean l>e pMp&Nd by heatillg 40 . of 
t..•i cbl~ t.e (!Cl.OJ}? 

'-ion -
t:e and balau.ce h• •qu&tion ao~ , - ~ 21Cl • 3~ 

\e - the bal.lnc;ed atioc t •ll• • \hat t.lfO G, •• (ozo •l•) of 
ICl0:3 decQll.pO••• to_a1v• J G.M.~. t ox,g1n, .r 2 x 122.o 
: 21.;.2 ·ot 1e103 will Jt:•lAl , x 32 : '6 gruua ot OX¥ ea. 

2. Ftad he 811\0Uftt t .-q, «i on• ir• ot ICl0.3 will · ce. 
· ·• ot 1cc101 &1••• '16/21.r,. 2 : o. 3915 g. of o2 ( i1T _ pl• 

et.le;) . 
3. ua1u1l:" ot l" · pl"Odlm _ _ by IJ) gr _ a ot KClO' • 

. 40: 15 ... 66 cnu ot o2 wwr 
te .. !bl• bl• could b• ,ol.Ttd •• N14117 t\o. find the mmbv ot 

lit.en of qgen \ .t . ·• b;y ob•· U,'Qt,1n3 the a . lecul.ar 
Tol _ • tor 1\s • t.b• gram DlecGlar night,. 

t,e - Th• onJ¥ to b • efficient a obl _ · • l"1ng 1• i.7 
pnoti.ce. Yo · w1ll tt.l probl -. ot th1a tn • tre et.ly to 
\ . • r n • of th• edit•• · . 1l'1 • oours• to-r nextr •-•ter. 
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C pt.err 10 

The Sta\• ot Ma\ •r and .S.r , anai\i •• C171tkl t.:tuct • 

ot• • 

,an,itlo Q atJOUt St6te 

_ 1. U qui4 v• and l le with t . .gn t .. t 
ant11'PIIIV etcap• tnt.o th• ai,ue ••• \he liquid~ 

2. isle• th• lecsul•• 111 \ h• ge&t••t kin•\ic era •cap• le rina 
t.b• •lowr aolecul.•• , :verag• ld.n tie . •ru 1 decreased - t . , 
~••1olng liquid ie, c ·· ed. 

,. the rat. ot ••&por tu · ( • ten.deno,- t r e, 11 uid •l ul to e c« ) 
tncu-...... with .a tncnaa• in tlll;)eratve. 

1. VfROt b:!•!9£! 
l . , •qporati 1n cloa 

ll and paeoua 
ondtnA 10ft.) 

ntail\•r will •• lift • 111:,1.))\"1,a 
{'!"he r•t•, ot ..-a . or-'&t1® equal• 

2. Th• prunre uert.eca b7 a vapor 1a 1J.lbl"1 vi ita liqld.d 1n a cl.oaed 
T .. 1.i 1• defined•• t.be YU9't RE•W• lfflioh ie dfll7 ~aed in 
111UtQ\.-e ot • tn:7. 

e 

t• - Th• botUog poin\ ot a 11 id u , eft.a«l •• th• t-.ptJl"at.ur• a\ vbl• '11ft 
,. • ._... • tb• a-.pb..S..o P"• ve. 

• .. • Uqu.d1 obaQc• r•adU, t.o \he •-i>or n&k vtHtn ltft ta an op• · 
ce taln• beoa t •~ ••poi- pN••v• 1, hi&h, maa t tr boiliq 

lnta &l" low, cb lii - •r• •at to h wlatUe. U \lid• vi 
opposi t prop U•• tre e \o be n •Yi · i.tUe. 
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t-e ... th• eat ·t vaporlation ot watai, 1• S39 caloi-ie1/~. Oonvenelf, 
'tht oond.enaat. on o! • rea ot a u or qpor to a l1 1d l1 •rat.ea a 

. '1t7 or at ua.cUy to t,be heat. r • orinti.o • Thia ia 
call 'th• heft .a! O()nd••t\. op. 

~. Crl.t.toel Point. 
l. gnW:ffl if!R'i.£tve • • • oritieal t-,erature ot a gu 1• the t• •t.lu'• 

abcrr• which t at cu ocmot. • U . ti no · · tc- . t. • .. nr. 
11 appU.t•. 

2. qrt.\ .9:1, ••m• • •The pl"elftff )'leq\lU to liquit7 a gas ., 1ta ctit.ical 
t-.pera\vett . 

l. 

2. 

te • Th~ . Uc enera, ot gaa•• cm be dwrt1Utld ·by' app pr•••• amt. . .... 

•• 

lin&J thua au•• can • U qllitied, ivt Iott h•al. 
aao: t hMt 11 abaor eel wh• t • proc .. • l• r....-«r•ed• 
r•.tri a1-i · p rat•• on th1• inoiple. (ta • l?I) 

••~cal 

0011mo1mct ~ a chtlinlt.e cmt..-,illil' atruot.u • t heNfor• 
· q toa. 

· re six c t.alopa.phio 



-ar.-. 

\ o • 1a l.T«i 1n a d,Y 012n\ 
·1Y" a.pnaeecl u uu.a ot • lut•/100 

I. S of luti.ons in NS of phJai eal tat. of COIi en~s 
l . Nine · ati • tn,es ol aolu.Uou . ~lu ar•• 

... ... 1n .... - tji. bo~ 
b. llq,U:id . 11 de - alee> ol-•t..r 
c. s 1n llquida - to 
d. • lid• liqllida -- eqll'•V&f.tri 
&. 11 e irt t011d• - .U.071 f kl• 
t . lid• 1ft •• - ll!DOk• ur 

.. U 1· • ,la. a •• - tog or cl • in. a.ir 
h • t>••• in aolt • - :e• tl.o1a• 
i. li .. tdd• 1A aolld• - . .1•111• 

2. •latiT• iapcn"tance of' th• tn,e• ot • il.ut10Q9 
{t. . t ir,t. five are t ••t 1aPfl"t.ult) 
a. a ot .ef!! &I p ! wer• di•cua. 1n Chept.•r 5 ( al ton ta 

Law• e 65). Ga••• JliJc vi th ••• other 1n all pl"Opor\iona. 
b. lu\1one . ot . · •• l!! Mfil!if• .. a 11 · d will di•-,1•• a · tM 

-.ount t dep.nd.1.ng UJ)Oll ~· tl)llow!. · tlc\o •• 
(l) J") ~ •2ecU'~c {!{9R!ft1• - ( ,1 • page 19 ) • 
(2) . ·. ct 2f. pr s.ure ~· aaa•• &l'e re soluble i higher eesurew. 

t.e • at.a\eraent or tb1H 1tfhe 1gb\ ot p, di•••l• by def1n1\e 
t.itT ot • ~ aolve t i• diredtly o tlonal t.o the pNa8Ve, 

pr n ded. tho t--.rat\lff NUiJla con.t.ant.•, is Jmo u Hent7•a taw. 
(3) Y!!.!! !! '1'9,PtAtst• ... wi\b a Ni•• 1A t•pvatur• •• 

beC1* 11 .. s 1<>lubl • 
c., olat1on• ot U9!idt J.! MS!&d! Y . t 11 na .illp(>rtant .· ,.rt.1 .. , 

(l} \he vapor ~••lllN ot • aol t.1o de bJ l1quid• 1 
ever u eat u th• • th• two •8Pd 1, n t • 

11 laid• h•f ~b•7 ... • 
(2) Slao• th• vapor .r•••Ul'• 1, lower-.t tb• bo1lirl int 1• 

rea1 • (•• C apter lQ) 
(3) r.oti.09!:l 411\.fJ!ation - t . U q'td.d• • boilinc S.nt• a.r• 

ditterili\ ,cu • • a.rat.eel ry diatillati n call tr ·ft1sm!). 
diatillatito. 

(4} , · , tsn~AJ.ng eo\y.t.iog ... vapor• gS.ven ott haYe t • 
• rc•t . s• ·Coat it on · utton, th fox-. 

one · tra'Li , of t, . 110l.lltioll · • hanged or the e:0•1;,on, 
_ t cannot 11• ••panted by diet.ill tio • 



of • l ute S.e olved 1n a ti•• 

1 7: - ·-ot •1•• mb• t litua 

Mftl&Ut.7: l!!lt•£ _0 ( Im 9:l:5t.. 
n\lllbw ot litfftl 

Pech 
• 1ft ll '\er., 

D.:la.MIHB . 1n lit. 

•= ··· G'!lf .. ' • wt. X 1':»l'Ule 

• 

• • •P can 
'V'h:lon •i.lft • • 



t .. Coll1pi.1T• 
1. 1.ho • 

ill 

rop.n!•• of Sol•tlone 
~per-t.iea a ,olu n that epend on · • 
~ ll!Owrt. ot 1oll'«1t. 

• •ri ot Ya»or ·fftaul'e 
(l} Raoul\'• ta: ... e · t-ing l t.he vapo:r p:r•••iu-e ta - lvent. 1, 

direc 17 port.i onal i. h •i t t.he ,olut• ' i••olved 1n 
de!inittt eight. ot •olv.nt. 

ote - The· kind ol" 11u of particl • Nk• no di!tven.oe •• ng u th ,ubetartc• 
ia not YOla\ile or d:oe:a not • para • in ion ·• 

~. o ais 

• •Yatlon Qf th boilitl point. 
(1) If th• va pr•s ,u,e i ., lower-1 t.he illng point 111111 b• 

por-\:ionAl.q i,d.etd. In a l aolution the boiling point 
WDuld be ra1•ed O .. Sl 0 • In • 2 l-1 aolut:ion the . Uing ln\ 
•leva i on l!IOUld b twlc• u {2 x 0 . $18 : 1.036°'} R e. 

c.. .L01irer:'l·r ,g of treeaing poin 
·• heeling point. '- t.P"•••lon ie n1on&l tc> th• eoncentr tion 
t • eolut.1on. 0 o.r u. a 1 l.a1 fflqt.ioll WUl hteese at • 

t.eap n:tur• 1. 6 lower t an th• r •l•••• 
.ic 1 ap licatlon• of tllue . · •J"\i ai-e t..ijloot re •• !d.xtu.rea tor 

au bil. radi& r , cooling _ ur•• we u ie• ·C'N ealt,, de J!'Ul1 ... 
· tion of l u.lar eighta ot c unda, t c. 

1. lt 11111.p naeabl• rami •~at•• \vo •t aol,at. ne Qt ·differ nt. con-
ctnt.ration , e nte ol d1 Ilion ot wa eJ" at01'ecul • ou of t.he c nceat..rated 
sol: . on i• le s than in th• p •1 te diP.Ot.ion. the n• Nault 1• water 
pua • th• dil t• t.h• concent.rat-1 • l\ltion. 7h.ia. ,Ph enon 1• 
lalom o o•is. 

( emd.Pffllea le tllb.rane ta on• tba . allows on• ceponent. ot a aolu\i , 
b t t th• ot e.r, pus ti.bra hit .. ) 

2. · · ~is 2~••ure ... That. ••un 1etch, when appltett t.o a .olution, will 
Juat ...-fflt t • •&ranee or alven.tt in~ 1 t t.b.ro11gh • ,et . r.aMl>le 
••brfllle 1• the oaaot.1« pre.uve · th4t tol.: tJ. on. 

,) . Th• lawa ot oaoUo pN,s.ur• .ov t.h :t oaoUo p!'esftre' is: 
~ proxtmat.el7 proporUow conc«.l\l!'a· iota.. 

b. I.nd•l'&dm\ ot tbe 1Y.ture ot the ealut. parl.ielea. 
o. port.iotaal f,he abaolut. t-.peralUN .. 

Ol" 
" • oaotJ.o P""•n1r• ot • 10lu ion 1• &.p QXU1Atel7 ual t.o the pa 
presaun vhiob th• ,olut• would u•rt if it wre a gu occuPJiq th• 
••• wl.a• •• t.11• aolv t, at. t•p•n ur • it 
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Cbaphr 12 
lord.cat.ion 

l.. tonic tion, · trolytea and on-electro~ 
l. & nt,ation .,. •rm that 1• &p,pli·ed t4 the . ea• t. \ t.ak • place wh 

• • · l 1 a die ociat• 1n cbarg rticle•, c led .ion • upon 
beiq diaaolv•d 1n c: ri . 11 aolYent ( ,uel:t, wat. r . • 

2. ru;;t!!:kt• ... a aUbatance ·11.on, wb• ••olYed ita certai:n eolv nts, or 
· ta l'used ( elted), d1aaoc1 i .. into 1ona. 

3~ ~leotJIO\yt• - · ,ubaw.nce t t doe · not aepa;r t• into 1 
d eeolved 1 · cel"t&ill .«:>lv· t• •uoh s watel'. 

l. rul p•rl-i . • ot lut.lona ot Qeotrolyt.e1 

,. 

l. In mlutio01t ot el~\.x-oJ.Tt.•• th• wiling b int tr eun, poin et<:. v 
bnormal.17 a-ttect bacau.e_. 1t. i ii'tO led, a.nd oolli tive propU"tiee 
t tolutl ns are a P•ault ot • nUlllbff ot t.iclas pr••~nt1 \heretor• 

it a• he noe ioniz toJ'll · t1oles p olecu1 t e ehan • 
1n i.lin point etc.• ·a. b · twice•• t. 

n,s 
t.r dis oeiate into 

, 

e. 

1. d o• _ u poJ!" t • Th rt ot Ionisatio 
1. Solut. one ot le,c •• vill 4 ·· du.c\ an • ct, o curl"ent •. 
2 .. 1h lmorul l ving ot \h ll"•••in& point and elevation f t boUin 

int. • 
.3. Abnol'll&l osmotio pr•••ure. 
4. H1&h •lt.ina ~. or certain ccmp Wlda. 

n1 or 

KCl --~ + Ol-

• boU1n int wo • •le•at o l;r twiQe ae ch 
t e !J"Nziq int d• ea ed twice as .·.ach u tb6,T would 

be i:f' o 1on1H.t t. place. - t. • eallt · tive pro e1"*t.ie• 
· ~• ~oportiom.l to t.he d•P•• ot ioni tiQn. 



2. 

et:rol7 i - t • 
l. Deti it.ions 

. .. ..,.......a;;. ..... 

2. 

cal reac · 
olution 

s 

char • on t h one. 
t er th t e ttr ction 

s t c b t.we n the ions, cl 
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·~ .. 11~ew.,~g..~t. tifftt~exlt. 4•$'nts :U,beratml bt ttiie ~atH,· q11a~t.lty of 
el~etrioity a:r*l prot»rt.l.1~mil to ttie ~o;,\1Jtival~ut WfJ:ifJits of ,\be fJle""' 
r~ent;tt,. 'i'htt$ th~ .. 1r~uat1ttt1 of i)lect;rieity t'~l~ii•G!"l to de1M>&1it (l),f.t.tt. 
er~Jtt-•ii~ivalent ~eiJb\ of an t,ileme:nt 1$ ttJe ,a>ari1,e t°'t." all tle11tfflt1. 

4.. {ltheJ'I 6leet4'it~l t~ms · ~i 
th g~ul"J!~~ .... the . (~:nt.:t.i;,· . . .. el~tr:~et.ty,. coa~ttiit~d. \r.r at'{ ~lt;:c·tr.~c. c~r,nt 

or ~ne Nttl)<PW• tolom;.ng .f{.\l~ ~l!l~ $6\!U10:fi1 (M!.p" .. x ,~,. ; QQUl,on>.be). · 
b .. ~~uaz ... 96tSC1J coul~1:~iba,, ... t~~ ll1J.~tmt et f14•(;tr:toity l*•~1tu:r~ ,~ 

liberate oru~ irar, ... ~q11ivttl~t ti:t4Bt~\ of . tllbetan~i, at a~ $looi".iJ"cd~. 
N~tec - ~rn1& is· ol)v!tiut $1U011t a ~~n -1~¢lll.a:t- W'tilgb:t. i)f lJ.'f11 l:Jltibatar~e ·eontriin~ 

ir1e same nabel' ot ·1*"l•,tnil~& (fllft,!;a~o•s. ~umh~r),, · 
th Qbm """ tm.1 t ot l'tJ$l~~~H,. 

- ... x-ate l)f t'l~w. 
- e1~t~nllltiVt fo'ifc* (e,,f41.f..) >tt:r pott:1~tial ... !htt t1lectrte~1 

Pf'{ttsur• \ttlti~ w,.1e11 th~ tfll~~i ft.ows" 

h Ba:tttrl.ea 
l .• ttetittitioll • a b~tter.r is a i~u;p •f e•Us.· ... a t.,l,1 eonstet.$ ot an ~l•• 

trol,te and a single ,a.111' ot el~¢tl'~,et1 Q&:O i@i •:teh ts ,clape.bl~ ot 
i>eing oxid:i~ed . $nd the ,,tlatl" ::1re©t~i~~t. 

aiie;te - t1~d:a:b1on i.s det.ifl~ll P.,:1!! e .. l•t$ !1t ttl.e.et~ns i~rn .an. a~m ~,:l"' !~ns, .aiid 
~edar.rti",n is the. r;;,rI>ee~s of f.;;;a1ntng .teott'"n~. Wilu.s ifl, 0;Jddatiot1 
cenno't be 8~,ai~atea aom1;>l~t•i7 ha a . r~t1Qtl• ·. %n ··. ot'lder for one 
sub,tance till l:oosfi ~lect.Nnt an$tn•~ m•t. eratn tiHt'l (••• pe,g~· .211) .. 

a,. i'b~ !,(:1!1 ,e;;~ .... tbi$ si~t ... up 'ld.ll b~ d•1~5t,i:,~te-d ·an~. •pJ.ail'llall! 1n tb((;q1"7 
\se• i~ge ) .. · 

3,, lb~ di% \e.ll "" . . 
· a.. ~tb~de ie a ~bi~ v~sefftl .. 
'b,. AnQd.e 1.$ · a oart,,~n r~. 
e.~ .tU.t~~lrte .. it .. ~mum .. _.,lor!tt~ {mt •. el} 
d. :t'~;qi1$e d1~1d~ (Yin02) it ut• a$ I *.ttpt~it;eP (.$$€',; pal31ti.1e:i-

PAt• 224,,) .~ . . · 
e.,. th~ ~aaet.i.!)ns $1"tH I~... pole· f..tt .,...._"" · f"1,++ + 2.e""' 

~s~ ~11! 1114. ~~ + ~ .• - ............ ~H, ,,. HiO. MnaOJ 
Note ... The dJl7 (ltll -ves .~ s1aU elU!',._t. f~"Yr. a, fb~t ,e~iod of ttfflc(i 0t.nend.se 

it 'iH,e•es p,.>1-"1zf11d, tt,at. lttJ1 the •~b~~ el~ei1:t~e becom~ait tovc~ by 
!\Y~t!Gf;fll .. 

1 ... ~ ell ~•ll,; (c~t,rfoot c41111) ..... 
a. iorle .... ~et.al.lie . zinc ~ ZnU04 . til01~t.i'.0n* 
b. . .Anode· ""' stu,•t coppe iri Uli004 .. $Oltitif.li!.,. . . 

:il·~t"' .,.. Tb~ lo$~ den.i~ Z:nSOJ.., solut:toa. floats ·(ffl) t~p of tb* Mte dense O~i., 
. tl'>llltion.. ·· . . . 

. e .. 'flu,· .. ~~cti:liOftlS •ll'e.: tlftj. fi10lt . -*·> iu++ • !,i~ . . 
Ptia. ~lee cu++ • itt"" ....... -> flu t;)t'" &'1 + C\l;1,+ ....... ~ I~++ • Cu 

Note ·- i'h• In io•a into ,olution pd th$· cot4Jt•l" pl.a~$ out ji~s th~ :r!ti b$com$s 
llghtl'l" in Wti~t 'ffhU~ \h~ eo,~ Jai.lUh 

, • iAad $ ~a~t~tr . . ·. . . · . . ... , . .·. . . . . . . . .·· ·. · 
'"' "a.,' .: a: "lead ~Ute @OYf~~l!l W!.th spong l~a.d. 

b ... Anode "" a. ·tea~ plilte eoV<{rei wttb leed -~(lt.· (Pb02). 
c .. l~tlt'ic acid .·u, uHd at tile ,1e~t,21"ol7t~, 
cl.. '1:h~ r~aet1ons ~e: ::~~.: pc>l« lb • ~4~·~ f'h£!04. .,. le"'" 

P~$,. J»le fbOi + ~Of~ -~ w"'b~4 + ~ii' 



.-,o,.. 
n.ie ... f.ne c»!•t ditference 1n \he alo'~atfe b&\t-, efid 'tb• <1t1MN iti \hat 

the e~f"aP l>at:\817 eea tu,. Nebat",-, the oheitlal• l'eao11on1 the.t· 
pt'-Od1tott the •l•otJ"ORs art rt;iYef'1e4 '1 apg-1.J:ln,: a eleetdc ,~t 
8'1d the clleiil~ il!e ret\U.'Bed ~ ~ei:,- o,1&1,Ml e~ittot1. !be 
_.all NYlOt1mt$ in th• lead a\G~P t>a.\te?!f f'l•n 

fi!.I.. - ft'!J) .... 'lS~J...ft ~KIi~. ~fliA · ... \II~ ill'\I 
>/CV. T Yuva .,... ~".r--4 ~e,f""p"';s. .. IW'Voi,';¥.. . ~v 

fh• density of th• 1~4 ts •td to iml!ia..te lhia ~,• ·.tJ>l the 
bt.ttf17,. , . . . ··. . 

.6. ·. Th8 m11611 Cell · . ~. .. . 

a. I•&• el~tnde ... ifon. 
b. Poe •. elect.Nde .. nifflcl •"-- wt'lh illl,2 
th IG.ectfOJ:,te 1• ,odt•. ~,wt• . . · 

. · d. ·tne t'~tibns ere:.. • .. ·.aa. + '.· ~ ·.••• HI~ h(Ol)a ! 11(01) a. 
ii'qt1 • !he led a\ff. bat.t.-,. td,:.,_ ll td.p· tJOl.91lial GYV I; slton ~ 

· ot time, each ~ell ~cea ~. to1\e. the :Nina c.U ta m•NJ 
dUNbl.e and does n.tt fttf• ,,._ dinr,e, $.i . :,rod.uot4 ab0ttt 1 •. 3 ~l.to/ . •ell• ·· 

:., fhe EJ.ee\ftJmotive, Ser!~ 
(,ievl~w tleo~heie(tl aerie& ·Ctta,tdli 6• ,a.,e •~) 
mote ... A• Wioa,_. in Cbapt,_.. 6, -.-. aN dltt•rmtes ta the tend•nci• of 

.i..Q:'k to give up val-.• ele:e~ to becGila 1••• the Nlati" 
activl'ie$ tJf the •1~\a MY'O \Jeea ttekmi-4 and \be e.lsenta 
awmied ia .~ ae't.i'dty •-1• With Ike ast. aot1v• !ll\etal a\ t~.e be&'i 
ot t.b.:e t•l.es. It. :i• ~~- tbat «L••t.e that fflv• -,·their "Mlenoe 
•l•otron• with tb• m:ttt\ r_.,, w1.U. aee• th• ~k W7 when a ~~ 
toree 1• •ppU~d. · ·'ltJ..,.,tetn "-· ••t. ac:W.~•· •tai 14ll l"equ:tr• ~ 
il"•.atest •lettra,11•• twoe .. caue i'h iott• to aoeept.bdk tllie 

. val.ate elec~s to .,._. ~· •~, an« tht aeUn.t.y sen- ts· 
also ,m eleet~t1v.--t•H 1ei,•1. 

1. S\an.dlJl'l(t .1., .... pit.-.tials . . 
a., fbe ~ten elec.t."4«. it$. _.b:lt:ra,ll,y flN~M tbe Y~Ue ot •• ,. ·am 
. all othfH aN •~t•"¢d w. t., e, • bt.\ai&. . 

:t. AppUea:td.on• ot the . elec~motiv• •·•1'1•• 
a.. 1be eleetJtomotlve· fon,e "'' . ...,. tell _.,. be det•mlned. lr/ 3ubtr~ins 

al.$tbrai0:illt th• pot•lt.$ ~ ltt t• •l•~•• 
'!¥-., · fi'> -. · , .:!!,,. ....... J.. 21l""1 I • 0 :1 I, -'t.s <il!A,_ "" . 'T .11'. T. .. ill 'I'll' ttfPi • .., .... 

!O'A . ...+- . * . .. . . ~ ., . dA ..._._,.._ . ~.· + 2• .. ~ ' l.l, : ""°·~ 'Yv.1,'1'Wf 

0::i\lJi. .+ {-0~$01 • .. · '"1w an.a. · 
b. 1'te lae.t that .u,m ·'dJ.1 t--.. J.Me · ··. :ir.r boa it• •alt u ... 

imli.cate4,.,\. · . . . . · . 
,. ihe elt,=~~t.ve •~• alao ap.plled - ·~ttilt lb• ilb• u 1, •·••·to. me\ala.;. · · · · . . =~ 
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.. 34 ... 
f"•'b .. ,,...lie"""- , ,;, .,,,.,,...i\ 1· £'<. 
V.lii~-tl"g:~;~· Mi' ~·l~ __ ··'iJ!· 

f't1f Ki$lq,g.m PaJll1q, :lb• ~Jti.N,jttn Halid~1,.~t.J.tt,•...:t1euetl• f~ee,~ti{r>i\&J · c.-~'lffl{,~ <>t tiie Bli:,t,,nic 

!ti• I&;A(itt;ffl f7at1J 
~'*· {~er&l m.fij~if.:b,Ji 

l. ·~ ~lement• :fltto1"1n6'1, chl01rbe7 · ti,nld.tt~, i~d!nt tm:d ,~ia:'111;11 tit'$ •mbef'!t 
of the ti.alog.n taUJ !t · .. .. . . 

2. t'~~1t mttst C()mtoon ••l~c• :ts •l (C:1""'.,, !r,i"",. l"""j .t~~> 
). ila the. attmi~ w-ipt, :lmt:Nall}~ t::~,c~ ~$t~al pl'opwti•e. ~ge ..... F'luor,bi• and 

\'lcll.l.orble a~~ tl);SC0$1 ~ne a. 11q_u.id1 au:iii :t!ld.i,nf .a ~11:(i~ 
4. 'Di• ch•0al a~t'iVi\y d•i-•f,lfl$ a, et~~ weit1bt1, 111tr1as.-..·l'l~tne iu 

iur,ti\ ·.~\tv•, ·then eJUJ,)~b,, b:tr>m:ln.,., ~,e. 
Jl. fr:ep~$;tiQtl . . 

1 •. t1iborato~y . 
a •. fl!~otr~lJ'fd,i fJi fi1•ed (a~l'fi•ij} t~ta .· . . . . .· 

(l) i~lu~rin~ • \hi~ 1$ the. -ly ir~thed. f~v pr~:bt; flu•1ne ~eeaus• 
it. is the st"nie~t .. ~~•mt$! tfflidtz:lag ~on\,, ·. P~ta;,$1\inl 
b,cl~gtll tlu~tld• u tu•~,, • t.he el.ec\$lYtd.a ~e,d oltt 
:till • C¢;:ppr .,,u. ~- ~•ll rea4ti• ... i,~ , 

~'102 ..!""~ + ~ • 'a. 
on CblG'fln•. bl"Ol11U)i1t, fQd. iQdl~ cu be p~p .. d J>7· t.bo $lWUll -tbod 

. . i,r,,.~1 .... ~,:I,. ·fa . '*' Cl· . 4/J1il' . . . ,..,_"'""? . . .. . ~ 

(•Wlaf' r~&.tiont. fl!)I~ b~f? ;adi ,i~i.n•) 
ti) 'ib• balogrens •thflt' \~ fluor$.n, eyan b.e . p:repa:r!',ed h1 tt11t eleet-N-

J.151$ ft:t tili;tU:~uia eoluti:ton~ iflt ttitit- 1;;:alie, · 

. 2Naf$l -t .. ~~ ...... t ... '° i~tOli + . ff: • 
{rd.m!.l&r •qt1ert:i.~t\11 fl)~ -•ld1.1.e and · 1) 

b~ lttactA<>tl · •t tt1e b7d~OS;d$ wl#l i,Jddis111g· -~,-
{l) The hal(i)gmJ1 otb:~~ ,~~ ft'a0~$ "&a ·~. P:r'e~fltl bf ttJ.s mettiod 

. 211e1 · • 11n.0a ·~ ixne11 + ~ 2~1 + e11 

· 211~04. +.l~~l, -...~. SOl + ~12 • + fnl2 
{ttlmUar ~~U!fl,tiol• .f~ . b~.e atld .; · 

m.,i, ... tt't t!ft a ttnq r,ed',1e1iag -.,~,, a$\ !_, 1® atffng ctt>lllh a,s a re4t~t1nt 
~1,nt to· ,F~e• cone. M1t0'4 .. 

2MBt- + i~~iet,t ... _.. ~"J • SO't, + ll&i ... O 
.. ~~~ R A ~ 

c., iit,~~e.•1~1 reacti\ionst . . 
(1) I~• anti ~tli• u. ipr•~J",ffl by J"t~tlq ~- tn.tm tht1f' 

f;~Wld~ with chl,Q:J>1ne, 

IKB~ + c:i:& ·-. ~l, + lri 

an ... ci~ .... -~ ~itrijl .. x1 

~- @omnu!Hial PNta.r"ti~n 
a.. flle comeN1al pr'llp~&tl~~s 11>t B~ll'Ul! .. mw, 9h~9dt1~ at'e t~, sar~u, a.$ 

t.ne labo:rato,:r ~~s. 
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). ~ros- ~• ·• · Twr:l g~ -~, d ~~~on· an •va:ilale .. 
-._. ~ti• ,:;f a b~4• witlb • •trong ~ftlaW.•, ~-oxidtztns acid: • 

. -~ + lZ3"4 ,..~~-+ JJ•a'i'~4 + atlfl 
b. •• h14ro11•u ot a ttotl~::t"~ ~. •-fl -., ,-., 

. ~:, + JH2o ... ··~ M),OJ + U,, _ 
;. . ~- · • ..Jl\ll .. .s t ,..b_,,. b the . . ·'1«J · ~ · · ,gm,,.. ,... ~-·vp!l ~• I p-N,f',.._ ._ t1r:11· · · .. · &.- · U,. . e ae, .tiQI{'• 

•• ~Val • K384 ~~...,~ 1~4 + 111-
b. 1l3 • lliiJ' .. ..,...., H;ft). • )II; , 

: .. Pft~t,8- <Ai' the. bidroc- ~UA• · ·. . · . ·· 
1 •. Stabillt.7 dct~soe . .-apl411 ln ~. ofde 8'1 Wl,. !lh'-_ Mid m:. · .. 
2. i1tt m,<t&oa ~ ~· .da"6we. .ia .~ ~- HJ:• .,., Wl; and Hi\ 
,. L*f? ~-.-liilwee aro co~•l ~umte., . . 
4,. neaotion with •ter · 

. . II• lia0 •~ .lfif-·•· r 
' ' ~ -· ,· illl·•y . .-,, Hsv +Cl 

• -ti!· 1-tJ ..... ·, .... ~ ff:lft + it,;, 
It·~ Bil-~. 9,0.* • r"· 

Nete • ··fM· aqttllOlla eol~ont of \he••· ~-d• •• c"111ttd ~tluorlo, 
~~bl.cWle,. ·~o. ad )O'drol~ teid:1-.. All an_ strGn& ••t<te 
.XCtip't. 1.i./ wb!eb 1• tlU.k du• w·.-citttl-"1n ct ii$ .~lea.al•. Nfd"• 
flt$.r,lo adS.4 Pea~t. with gle&e: lmt t:an ·t,• e~ :la~ tmtlles. !be 
:react'.ion wi~. gtas*' ta ... .,....en,~·• the· •~ti~t 

UdiCJ + Q1r ... ., .. ~ o•, 2 + S1f4 •· :,y 
) •. Un• ot ,ke ~g• lali.4:e, ., 

l\ t~ic aeld oan be u'4 la aoeti, ca.et ••qu;t,lng • •t .... , o~ acid. 
2~ liU is used to eaklf'• the ~•1• ot atareh to ,gluco••• 
,. Iiel, ~. amt.la iU*e, au ~••tnm •~'• (sei\l.l m.flbotf.a ot ~tna ct~R.M 

et.~ .. ) ' , . ' 
4.. ~~- and.· bf4fotGdic,. uw. ~ Uttle Qs• -. ••td. 
5. ~l1'et1.uo.rio acid 1$ wrd 1ft. •hint illus •. 

· o.d.datioa-~tt,a tteadlon• 

It The Ne.Wf'~ Ot ~ft\\tiol'f.;;oaed~ (•9$ ~ m, a46. md . 2j4) 
l. fh• 4:\d.flatdoa fl\a\ee · '(:o:r .v&1,1t1:tH;$) ot •m• of \M el~ts 111v~1 ..... iti. 

th• ,~1oa ve ehaogfid ... ·. 
for ~e lb• l"$4cl$Atn 1>-.ea a m>l'Utlott @f "b~o 1tl wat.,:r an.ti 
mdallic oo,,_, _a• N~e.~ bl' ~. equtlont eu • •a ....... ~ Cd~:a, 
Ofi' ioni:hlll' the ~tiou i•t . . · 

:~.o • tt...• ...... :i...: eu+. • ~-•• JH"j 7 ... ' ' ', . 

Bow ~- Iba\ w e~ne · _.. o,t t:be reac~t.$ ~. $$0 *' bee happen• 
tr,- tt. 



;.,e... 

Note• fh<'t a\tli&n\ -~· .~$'.U \b&\t 
a. 'ihe v~1e of • ~.-te.4 at. l• •~. 
b. A tntel4 •"al ~ :S.ta ,oa1t:tve m••• bJ· 1~ "1•thns. 
e.. 4 ~etal g•lt 1\s neptive vtac,ce by ~I • eleo.tftu. 

· 4. i'he ~""1i All or •1\1h am upttve •eleaeoa ot til.1 
\be -~ .1# $·G~ ltU\ ~ MN, . 

•• B.fd,..gen -~ .bM. :e. ,.~,e .ot •l wMJ.e ~ u~ li&a 
~ Vil•~• of ~. . . · 
•• o.ppar Na<:t& bl' u.nc •l•m• ~.. c.• """"""'·~ eu++ + :le 

.. th~·~· ................. , ... ·ic~·tmm· · ··~.' ... ·'·.lff!!IOI''~~~-··> ,., .. 'l 
Bra + 20• ........ ~~ a."' 

10,e • Lose of ol.otmu ,. odQ,t1-J: .pin ot •lee~ lt Nffll.O'\iea, tluiN-
#. · · the .. , ........ 4 "" .-.IAA""'....4 "*""" tih«t ..._..,._., __ -.ii\"""" b-........it- 4:,. ~ .. e4 ... on · . . ~, ...... ..; ... "" a~ ''''I' .·· . -~~ ~ m'l . jl~•• .I,,~ •• .,...,., · 

\\y 1he c~. · fn• ~' le th• ;rt4u~ ag-.t $m the, b;omtn~ is· the 
~1tt.ng agent.. · 

a. Odo:a\1.oa..aedmtlcm rt~U.ou hcl11<teo 
.~. ~tloa.ftllelioaa Ca+ 11-i .,....~ ~•a 
·11. ~~d\tW) rMCti,oH ·· l1(t ~. fia • i2 . 
cf, M1aplu.-t; Na<;ti•n.1: 1.a • .... ,. ,.,i;,m, ''° Ill + ~It. 
d,, C-,l• ~etio... $\WA UJ . 

~ 4 • a, s.c1 -~· ae1 • ~ 2 • •12', .. '112 

t. ~omg C.daU .. ~~n 8-•\t.-. (IN ,... 246, arr _. 1$8) ·, ,\ 
Wo\• • S1ilp1• od.4&\t.o ..... .i•ttim ._,ttmli. (\lie t••'· t.brft ~•• ebov't) 

· ef.n be baluOld. -.u, by \he , , ·· · . ·· ',. •• Ml"f: c-,18.'. 
· -,. {UJe t~ ,.-,ie. actt• · -. ••lilt lo 1/J~e bf 

'Wm mettU!ld.. iktv•'f'ff ~· •• ...,.14 atitt'~a ot ~ins. tbue 
~- ~\icmt all qf ~ ,-.,.:.baJMd •»- the ftct tiM.t •th• 
~- of el~s 1!,elt1"4 br lbe ntu ... ng qct. ••t., 1ft •• 

· b'a1Get4 e.-tiion,, b• ·~ k the ·.~ t.Jf •o~i uee,t-.«l tq 
• ., 021.t1fid.tl1 agut..• ftl• ~--~~ 11t1n«t• ~ .. ·~· ~t.s• 

' $Ad Will be ~-- h.,., 
1. 'lb• ~ ... .i-~ ~ ' s.,,o•• tttat. 1, u. 4mred ._, b~C$ the •q,•,1•t 

~Q + IU, •• on' 1~ · k ,if ·'a + 0li> 
a •. ffle\lo the cm~ le •~ ., ~ ·.- 'Dt \be ellGu ''lillld•rgo. 

fhte ~#tit ~. :!muited ... , 
.a ..,,, 0 t 

' ' C,., ·41 •, "'···., ~- .,.~ •• ¥ '' 
J..J-enJ f · . 
' ' 1_1,,1, ' ' 

~ ' ~·. ' 

o,r- Ct& +- 2e ~-,. Q,ij& , ti ..... ~ 3• + I 
b. -- al~pl)" ••• ~-- .. ~ ~i.,t. .~ ~\ tdll gtv. 

eQ.lla1 ~--• ot· •1~ ta iM ''- ~Wlt.i••~ 
+2 0 •) 0 

JG• + 6e ...... , •. ~ . 3tltl •. -. i• ..,...~ B,a . 



. .,,... 
•i%.. tM ~- ••tlomi \Qpthv (Dt'>t\e that t~• eltct"11• e .. ttl •ut) 

.. i · . 0 
:J~tt -,.,A( ......... ,. )Gu 
_, ' ' 0 
.21· '.;¥ ........ , 1, 

·1,~,1 .·, 1. ·•!!ltn T?.-.t ·.!""llJJ:\\1 

+I ·•3 . 0 0 
3CI• + aN ~....-, .,Cu + 12 

·d. S\tW \bat th•~~ of at.ou flt •wea- ind nl\~g• •• t.bted 
a»·1,1tut• h.\w ~• ~nct•l. ~'tii{ffl; mt! omp1•1• •• balance . ., 
hls,ectton. 

JC~ • ·~ • ...,.~ Jeu • 1a • ' 1a0 r.,,~,, Iha\ t.h«~ are)~- at.ea .llffl. 6.~ropa atom& U.\ 
~l.ne - ,A,nt 1!4&t{v.f' Ulr) ' ,.i. .. ·~:lee f..hl.t whaa 'Ul• .,d41~ -- t• llulttplt• • ,~ val.•c• 

c~e ot the l'tilEb1oibg -e.•l. ~ tk• ~adi.l.S.n,· q•t i.s suitt,Uod &, 
th@ ·val••• c~p ot ti. 044:l~lns •11emt. th.• ~•tto• 1, b~~ .• 
1bla. "1U b• tnt• ill •11 ••n• ffl-,t. 11-tu,te ~,-·.u ()f •• ~·t tJle 
~tlmte :r•at.t b7 c.~41.tlon-redtieUoo.~ -

- __.1.,, .Sn \be :t~M•n lllut:n'-1 b7 _ t.b4,· eiutlotu 
0 •5 •2 ·4 

C\t +' ·"'~~ ....... UI ~ ta. l(N'~)~ • m • •~-0 · : 
f __ ' ·.···· f" ' :, 4 ·1· i!lli-.. .,..u. ·• . 

' ' . -.. ~. --.au~ 2' J,T '' IY 

t. 0-.eral lntoftl4t..10ft 
1. la dtiti.Ol'l to • ·va-1.emce of •l the blopm,, ·~' tltio~ •now 

valeMH of +11 +,., +S ~- .,.lf• . . _ -
:2 .. •• ~~« ooqxai~ ot ~-• ·•• iU•~wel bT too Mitle scio, m,102;t it110. , m1d w 
J. ·'file · • .· ·th,. • _' -ha?• tbe•e -~fffl ,rop~i•• 

a. ' w .. tnv •• -~ .w •. 
\>., the, ant ••tab1e '°vurct .b~1.t 
o. !hq •• atl'Olll Gldi111ng •1•• 

lfote ... .s~ th• ~-a«1.d1 of \b,, btloi•• •• .-.u,:ie w~ ta•fi.. they h'" 
little ue: a.a at!ii• ·~ l)~tb •• .a1Jlte .am. ~-- ell.la ~h e• mo:te 
attiblti;: ••· ~til u ~wia •i-'1:• · · · · · 



Cl2 •· I~ ;::: Wl • ltll.O 
b. Phpen1•,: o.d.41e!ag aat b1ca~ q«i\ • 

. Hel.Q -~ 111 + (0) 
oli Usu . 

{l) pr~At16ll ('tf bl~Mbiq pewdfl' (C..0012) 

Ca.(t.m)2. -~: 012 ~ C.CCla • ff~ 
(2) pl'eparav..n ol ~it. 1111tlte w.ntob are ~l'Jd odd.1~ 

· · . eptits aat .. bl~achlae ;lit_..• ·· 
a. Cblerte Aeidt {0010,) . 

a. P.r~ati(tn ·. · · 
1a(o10,)2 • !~4 .... ; ..... ,- ;e.004 • 2mo, 

b. U.ea - 1'b• chl•nu, .(aalta o:f •lone aeld) •• •~ ozttiat,q 
~eab, (J!«taJl p,r.,araiiott •f ••1•). ad are •M :La~ . 
'lcJ,11~'/w... (I' n,~N • 

). P'eNhlorit kid (ffi:l.01) 
a. :,np~~at.1•iu • 

41Clo, ,,. •••~ *l + JIC104 

· 1010,i. +. ¥04 w•-~ IRS04 • Mel04 
b. ~ftP*if'\le1 ..... ~ ~~ ..- tbe :•st •t.able •alts of ih• 

eq..-aetd•. ot ·•1vlrA•• . tb.iQI, .-. 1-4·· ·~4tdng aeen~ a;nd Kel.04 
l$ Dal'l.7 in~le :1• Wl.\@l':•. . · 

c. Ua:es .... 'lht perohalorat«s -.r• ·~ ~ ~mg qmt.. ~ in 
~an\ative anel.71ta ,>f ,otia••l•~ 

1.. Iodie). nu (mo,> ·. . 
a.. Prqarattion · . . · 

i~ato, + M~4 ...... ~ ~~4 • mao, 
IJHtllffl: ~oda'8·_(_.~~0.1.) ta_ toud 1a Olul.•· ,al~\w ati4· :S.6 th• 
pnutpla aoaroe ortodtll•·, . 



' . ~,-- ;i.6 
~- AUaU ~11 fll·· tlekl.1 

A+ In~ctioa .Md gewal pmp-'ld . . . .· ,.·... . .· . . .. 
. 1,. Jletale ar• tl'»fie el•ente wM.•b NS.ct w.:l~h ~. to t•sm ~o atli .. 14•* 

N•n-meteis ••et td., '\b ~- k r~m, .-1c1 ~ti.4•• 
a. ~et!:le •• f481.leab1•, ~ hw• • •:talllc ltt&ld' ·•ue m.>n•'!nuit.is ~ 

bl!'i\tl• aui ~~ese .!10 lutctt\. . · 
:, .. ~e alkali •taJ.• ~ thf a.11owtn1 )t'Operti•r · .. · · 

a.., Th• d-enei:t," tflU!'ettlle& a& ttw, tiomt. ,.._. laereuea (U O.S); Sa 1,.,0) 
b., The mel~ point.. ~-"8• ,-.tb.e ~\omit~ ~MeM (Cn ~-, 

Li 166). . . 
(h Atoltlic qt 1t)ft$.4; ~t ~••• Q. t:he 1tt.md• ~r 1-rnsee. 
_,4. *fhe. electNde po;t.etial. deo,,eaaes •• th• a, .• ~. ~~-. 

(Cs «iVt!'>& up !tfa •lee\~ Vi• ••t '411-111) 
e .. ti, i~ Md l ·a;ro li,!hte:r •ea. va:t:er. 
f, ~~ alkali -.t.a11 we nft ad.-. t-o e~tJ the atou •• hrt•• 
~. The, ~l.i •kb -. v~ &e1tilv• ~---~ rmt. to• fh$ b •\ve •. 
h. fbe order ot f.:beicd. a.ott,i,t,7 l~ C#, lb, U; 1,.1•. 
i. Tlte ~ndt .flt th• a1kitl1 ~ aN' v~ at~• ~ are n~le 

ill wate.r.. · · · 
(1) ~-• cunot "•~ .. _. b,r but .. 
(2} t4t'baut•s dec~a~ .a,· at b!.p ,._,.•tttNe. 
0) ~dea ~lt. 14.~t. ileei-..,«s.na. 

4. fJtdJaittal pro~ee al'et · . . · · . .. . 
· a. V · ""': .e~~•f4••• ot •l. to~ \;r loe, of th• 6nt) vdenoe .... 

b. · The l"ep1ae••t ot hyilroptl ta ., .. to .rona ..... 
·IL lfla + a,:,P· ,w,1•+ · Ila.OM • M2 

CO) ~ &.lkaJ.i·metale, t.il: \he etn>it1ttal bQetl. . 
d. All alkali. aetnl.-1 ""• N~ in_ au tA, foa odd••• 
e. tht t~ ·•tal$ are. ,~ ~~ te•ts ('11•1' «1vt, ·-, •lettNft# 

t'tiadU,,}" ' ' ,.-~. 
· · l. Sea wa:t• - a.l.J kJ o.o• r. · 

a. Ipetm• rHks ... a~s,i ta; 2 .. 6- i. 
e,l fi ...: ...... _.~-- ..... --"'· ,11.,... ~-~- .o~~ •w ~~~· ~ r .. ' 
4. S.l't bed• and. ea.lt teas. 
s .. Oilwell bM.'Qe«t, 
6. Oder t>t ~no.me.• Ea, 11 U 1· ffl#; O•• 

: •. 'h'.,..atioa of~• Set~ 
l .. ,hcall ~ -.I ~.,.ttion ot ·ll&l(Jgma t-. \tltlte4 Qlta •. 

2ac1 ... dlil,, a. + C12 

a., lQ."~•1• o.t ta-.d bJ'd~• . . .-ao1 •W:'1.tt_, &. .... o1 •• la . 
Rote • :ta theN ~t~~ :~.-.• (Qo~ ~•e tmr, tuaed ~:td4• 

m« the nown, c·eu ,_. tu.H4. ~oJllt•) ta.Ni· •et k taken to ,n••' 
the ~4u.ot• ~ ~-·-' ·--~· 



; .. ee cu be ·pr ed by teaeting it:ii Gfd t£J: with ~alcium. und ~viar,,,;t~tg ttte 
(ts b1' d'lsti atton.,, 

4.,, P~ta,$1U c.$ be pN.rpao1red 1»1" a 6tmi~it1 proct'Xlu~ 

). Us:es qf the Alkali t~tal.$., (n$'t nr:, ua(ll,ful, 8$ U;;•tal$) 
l, Sodi:um ie the m.~1-Jt WJeM, ~ie ,'lJt lt.t :t:it:le:ft are, 

a .. iod1um V$por l~e. 
b. Core ter. uhautit val.:V11$ 1n ~rtnft, ~tlls. 
c, u,ea tn tr,e muuta.~t\lrtn,g ~f ~, cbemi~s, ,t$~~Ji t1Je$, ,,l!g~e 

t::hem1e~i., ~,c. 
2., tJeaiwa md :M.tl'liritwn ~ U$~d. 1~ ph•t11>~ctdo te:llth 

C\Qmpo'Wlds of th• Alka.11 ~!etals 
1 .. ltithl'1m ~.~~-

a.~. Mtb#-VJI · orl:~e .... u,se(l !n ~~epw1~ €)~~ G(llm!J<'i~t'is ffld iln .~ 
e,nditi • 

b. IiillF and~; ... ua~ in ,medi«fin• M4 1ft. e•am1cs :tt!II! gls.$H~ ~,rm 
~l~1se.. . . 

2. f~iUJl,·e~m:po~s. 
i,i,, ~~-... ob o: ... (tabl~ .tt),(Wat1:'l) (Sit• ¢b~pt(//r 1,;,, ,~se 2'31) 

•s~erit1el. to • dlet... lilt•lf t\tS!l.tribu\~, .in rta.\V$., us;i;d to 
pre1;ttir~ mei$ll1o s~wa Md •lilliX>Ue i.uiu t10,st. c~po1mdtii Gt t~ 
two. !!lautl'lllta, ,..._ Mal., 1'3~04, ~te. 

b. Spflium :tiztJro~e O~a.O~l) 
. (l) .~~·ed by· two ;~Cll~!~f%1H 

(~} • trttttlingr; aal~!u. b1dl"Qd~i, 1dth e~um ~bonate 
· . ca(OH) 2 ,+ 1ia;aeo, .... ,. ... ~ c.003 + ,2tlaoij 

reeo"'eF, tiet)H t;7. ttltration .. lirli e,rapeP•~1ktaa .. 
(b) !!lect~l~l$ of m•d1:wa <;hl~dtt &ol'tl\irm: 

(11ee ,~~,~ ct cl11$rii;1,e1 Ch2'tel" v~, i~~~. ~) 
(2) Utte& ot sQl\i.ium h,4:rox!d:•r (1!H,~ ta:bl•, pq~ a112) 

{a} Mantt.faet.~h,g ot ·~· ~:apt.. .· . 
(b) nef~lng ot ~-~1~. . .• · ... 
(QJ i .. e~~l"at1t>m. of . ·~ 'P1UP to~ .. ~pt,; mafd.i1g. 
(i'l) .il&Ton .. thffttU.~al.a, tt~il~11• •ttt •. 

c,. ~0,,419 r• . . .. Ba~'t()4) ""' a b'~•e,t the manufactwe o:t aeid:$ 
o~~ ~o,.. .· 
(l) t:1,•J are 

(a) ~u,f;a1',\11flnt ()f r~i ,,_atJtkl Md papi,ti. 
(b) it'ldieina ... Uf)l~~~3f!'• 1 ~elt11 • l. • lt li2,0) 

· e Ol 'lltffif 1:tt -•~:rati: o~!en (,e~ Jage 43) • 
. t.. 

,h'ept:W&t.ion.1 
Wa-.· ... ,;;i.·."o.·,,~.·1. + S .... -~ Na~~O'il·,·· ii!;."".;;, . "·~7 ""'""'i,,1 

(2) Utt~ ~. $o~g>:<~~ • ~fO,O" a« Wi. r-ve -.eeis tbltf'i.ne 
11:Mtd.~:ta~rtt t,ow. IJ'lf:I: sul)$taa~e tl.e-,tietl wttn tblu~. 

t. . s~rtJonat=,. (aod,& ~•ll)(iil~~i,),, 
1 P:r•,-,r"at!&,n • ;1J1lva7 · :P~oeeg 

(a? ,aw.r,mteriah: WaCl, 1 CO,;,}l;::Ct3, I 
Ctn t"l°ffll.1.lets are ....... ·· ' C:avl.a .~ 

Nl'l:J + lli,l + CO;a ..... , ...... ~. lf1*4,il~GJ 



-43- . 

a.Cl __ ,. 03 • · 

t -~ a,;:o3 • H + CO2 

+ cao .... , .. ~ 12 ... am,. • 2o 
C03 -~ ea .. CO2 

~o3 + c co ) .... ~ cae~ • -..q.,~#,l 

•rail · react.i on is~ 

Ca00.3 
-~~ ... :u 1• 

(C pter 19). 

... aCl 



l . 1be Specttilll 
1. iffl7 eleam\ fZNdue.a lipt, ot a onaraclel'hU.c ••• l~» no t.wo 

•laente Ii•• th• .... •Te lengUl. 
2. A •!!!tnul is an,y s:ffies or radiant. (Uglltj merg1ea MT&'ICt.td 1n ol"del' ot 

••• l.eqta)•. 
).. !1.aaen.ta an be 1dcitifi.$d bf t.Mtr apec.t.na. 

Ex. L.t - red, U. - yellow, it - violet., Cs - blu, lb - bl.ue-t>ed., etc. 

t. Unda o£' Sputruia 
1 .. The Wukm Spectra1 

!he apctnm lon\.S bJ the light p.va ort· wllen lJtll nbst&nc:e 1a heated,, 
2. Di• .lbnrpt:l&m .Spectra, 

lfbe a 'White light {which gt•• a conttnuou qeet.n1la) 19 paesd through 
a gu, ·the pa aoeorb• t.m: wave length• which it •uld ait. i f luminous. 
Th• tnt•ttllPUou 1n ~- con\imiowa epeetna wUl indicat.e th• gu 
pre••t~ !ell• was di.weov~ 1n the aun'• ataos:pb•re be.tore it•• on 
.earth by tbiG tneed\ln• 
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A 'l'est on the Scientific 1":ethod 



CHEMISTRY 124 

Final Examination Spring 1954 

Form B 

This examination eonsists or tour parts. Directions are given at the 
beginning of each part . Read them carefully and proceed at once to 
answer th question. Score= R - W/4. Do not mark on the test beets. 
There is only one correct answer for each question. 

Part One 

Items! through 18: Classify each or these statements according to 
five numbered catagories below, and indicate the number or your classi
fication by blackening the corresponding space on your an wer heet. 

(1) 
(2) 
(3) 

(4) 
(5) 

An exact scientific law. 
An approximate scientific law. 
A theoretical explanation advanced to explain 
or account for observed experimental results. 
A correct definition. 
A false statement. 

1. A solid crystal of NaCl contains Na~ and Cl- ions, which separate 
when the crystal dissolves in water. 

2. For a given metal, the product of specific heat and atomic weight 
is a constant. 

J. At constant temperature, the volume of a given weight of any real 
gas ldll vary inversely with the pressure. 

4. Density is equal to mass divided by volume. 

5. Combination of non-metal with each other is made possibl by the 
sharing of electrons. 

6. Molecules of all real gases have some attraction for each other as 
all known gases have been liquefied. 

7. In a given isolated system the total sum of mass plus energy, when 
expressed in consistent units, will remain unchanged during physical 
and chemical changes. 

8. An atom of uncombined bromine halS 7 electrons in its outer energy 
level or shell and forms NaBr with an atom of odium by the transfer 
ot 1 electron from th sodium atom. 

9. A good reducing agent is one which has a great tendency to acquire 
electron • 

COPY 



0124 Final -2- Form 

10. Zero on the centigrade scale repres nts the t perature t which 
ice and water are in eq_uilibri at 76o mercury pr sure ot 
air. 

11. The properties of the el ents are periodic functions of their 
atomic number • 

12. en sodium eydroxide solution r acts with nitric acid solut on 
the OH- ion f~ m the ba e unite with the H+ (or H30+) ions fro 
th acid to form H2o. 

1.3. At a pres ur of' 76o 
ot pur ter. 

ot ercur;r, 100° Ci the boiling point 

14. A normal solution contains on gram olccular w ight in one 11 t r 
o! tel". 

15. At constant temperature, the solubility, by weight., ot a gs in 
liquid is directly proportional to the pressure of the gas. 

16. A tree atom of an elem nt having a valence of -1 has one lectron 
in the outer level or orbit. 

17. For a given l ctrolyte, the amount of terial lib rated is 
directly proportional to the am.aunt of electricity p ssing through 
th cell. 

18. An queous olution of 0.1 normal acetic acid do s not contain 
Dlllll7 n+ (or ~o·) ions per liter as an aqueous olution of 0.1 
nor l h)"droc!Uoric acid. 

Part 2 

It J:2 through l:J.. r t r .!:2 !h! following exPeriment: In studying 
ethodli tor making pin wood fire-resistant, ~bite pine sawduet was 

treated with the substanc a listed below. It w s then ignited, and 
the of dur tion or flam rid per cent loss in weight during th 
c stio period w et ed. · 

Substance Added Amount Added Flame Duration Wei ht Loa 

Nothing dded 0 5. 66 min 7Erf. 
H4Cl 5% 4. 66 min 70% 

10% J .92 43% 
15% l .JJ min 19% 

( H4)i1P04 5% 2. 75 min 43% 
10% 2. 28 min 25% 
15% 1.37 min 20% 

ZnCl2 5% 3.00 min 50% 
10% 2. 00 min 25% 
15% 1.;o min 20% 

COPY 
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Using these data, mark the degree ot corr ctne s of it 
27 a follows: 

19 through 

(1) The stat ent is tru. 
(2) '!he stat nt is °jiobablz ~; additional data 

would be necessary for final decision. 
(J) The at.at. ent is imP2ssible ~ judge; the 

experiment provides no evidence upon 'Which 
to make a prediction of the results to be 
expected 1n this caee. 

(4) The statement u probab'.cy false; additional 
data would be neces ar1 tor a final decision. 

(5) The statem.C1t is false. 

19. NH4Cl is the cheapest alt to use in making white pine fir -
resistant. 

20. 

21. 

22. 

23. 

25. 

26. 

n the amount added is 1, , NHi..Cl is ore effective fir proof
ing than ZnCl2 star as weight loss is concerned. 

Tr atment with NH4H.?f'04, in place of (NH4)~0i.., would make lCh.ite 
pines wdust burn 1 ss readily than the untreated sawdust. 

For ZnCl2, the ount of weight loss is directly proportional to 
the time of flame duration. 

By- adding enough of any o.f the three ch ieals to white pine 
sawdust, the time of £lame duration could be ade less than l.3 
nu.nut e. 

These three chemicals would prev nt the rotting of white pine. 

Th se chemicals would accelerat the rate of burning of sawdust 
from yellow pine. 

Under the same conditions, l2i' (NH4)2HP04 ould result in a 23% 
weight lo during !!Otnbustion. 

27. a2co3 ie th b at t rial for fireproofing wood. 

Part 3 

Items ~ through lt! ,!!:! grou;eed !! pa!rs. ?receding each pair ot i tans 
is a atatsnent. The item• require you to select th best experimental 
evidence and the best theoretical !XJ?lanation tor each tat ent. 

STATEMENT: Sodi chloride in the pure ro contains od1 and 
chloride ions. 

28. ¥hat is the b st experimental (1) Sodium chloride is very soluble 
mdenc for this stat nt? in water. 

COPI 
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29. (2) 

.. 
(3) sod1 chloride i & 

good cond• ctor or •lect.ricity. 
(4) A molar eolution of aodi 

chloride • c th 
!re zing poin.~ p ••ion o~ 

molar ao lu i ot u 
(5) 14 eaetrol7'si or a, eoua 

aolution o! aodi chloride, 
od1 ions travel ward t . 

t.iv• l t.rod• and ~hlorid• 
ions t.r v l t.owa.rd r.e 

itive elect. •· 

S'fll!EKE.llf!: er certain condit.1.. lit)2 ean act. as an oxidising cnt; 
r other conditions, aa a red'JCing a ent~ 

.30. 

31. t i• the beat theor Ucal 

s 

JJ. 

xplana: on of · a t.at n t? 

tut• t exp rimental 
d nee for tbia statement·? 

t1a »b t.t 
lana.tion t th1 

• 

(1) Copper lo es lectron 
asil7 t.h n d s gold .. 

(2) Gold oxide uir • l b at 
per ~ mol !or d • •ition 
than does coppel" dde. 

(3) • copper ion baa less t,eru1t111e7 
loa• el1JC.t a than tbe 

gold ion. 
(4) Goldia alloy 
( 5) • copp 



Cl.24 -5- Fo S 

f: M&ny' of. the chemical proper ies o! the el• ta v rr 
riodieall.T vi th the a c n er • 

34. t is the be t experilllental 
"dence !or thi stat nt? 

.35. t is the b st. theoretical 
expl tion or this tat nt? 

(l) umber of lectron in the 
outermost shell of the tom. 
vary in regular manner. 

(2) Structure ot the nucleus • 
(3) Similarity in chemical 

properties of the el enta 
in a given family. 

(4) act that y el. nt hav 
isotopes 

( 5) · er ot protons in the 
nucleus. 

STA : The fo la ot hydrog n ul!'ide gas is .-;p. 

)6. tie th b t exp riJI t&l 
vidence fort.hi • t ent? 

37. What ia the be t theoretical 
explanation ' t this atat.saent? 

STA T: l cul s or hi her- th 
in ch cal ctiona. 

38. . hat is th be t experimmtal 
en ence tor this atat•ent? 

39. t 1 th b t theor tical 
explan ti.on or this atat•ent? 

(1) en hydrogen sulfide is 
burned in air or ox;yge , 
H2') and so2 are !o:rm d. 

(2) ee eydrogen gas conai1ta 
of H2 1 cul ~ but aultur 
is solid. 

{3) At stand rd conditions the 
weight or 22. 4 liters of 
hydro sul.fid gas is .34 

s, o t .bich 32 gram is 
sulfur. 

(4) Sulfur and hydrogen tau 
co ine in a ra 1o of two to 
one. 

(5) 'the eultur atoa has six 
electron in its outer l vel 
and obtains the tl!IO electrona 
needed tor a •tabl urange-

nt by co binin w1 th two 
bydrogen toms. 

ver • kin tic ergy are involved 

( l) A rise in tmperature caua ea 
increase in the v por 

pre sure or a liquid. 
(2) mall rise in teperature 

cau es~ rath r large increase 
in th vel city ot ost 
chemical reactio • 

(3) Collision between lecules 
will not r t in reaction 
unles enough energy i avail,
able for 6 breaking up" the 
colliding particlea. 

COPY 
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40. . 
nt.? 

Fom B 

{4) t the s e temperatur light. 
molecules h :ve a higher 
average velocity than h avr 

l ules. 
(5) Some re cti.ons take place 

only by the ab orption of 
en ru. 

(l) 

41. at i t e beat t eoret ical I (2) 

gnesium com.bin w.t th 
chlorin, which h the 
formula. c12• 
Tiro. ta.radaya of electricity 
re required. to liberate on 

gr · t c weight of 
x.pl ation of tld.a !!tat nt? 

Part 4 

(3) 

(4) 

(5) 

a~ si fro lten gnes-
1 chloride. 
Ma.gn s1 v por contains 2 
otom per ol cul. 
Th nucleus of the ma e ium 
ato contains tl«> protons. 
The gnesium ata h 2 
electrons in the oute st 
shell. 

Item ~ !2, iQ: • r th one be t answer tor e. ch of th foll<>Wing 
queations. 

42. i one. 11 Wh ch of th ollowin ~ t 
char cteriz a this tat nt? 
(l) The at t ent i tru by o s rvat.ion. 
(2) The stat nt is true bee e or the use of hydrogen s a 

atandard for urint va ne . 
(.3) 'ihe et t nt i con equ nee of th po it.ion of ater 

as sholCl by the formula H2o. 
(4) The stat nt follows m th •l~ctron theory of valence a.a 

the H ato, has the • e valence as the a.lk ll tals . 
(5) Th t t nt is true because th t ie number decrea e by 

on hen a h7drog n nucl u (proton) is knock d out or an 
ato • 

43 . When sodi um by'droxid solution i add to gie ium eulfat 
solution, a. white precipit te of agne i hydroxide is obtain d . 

n aodi hydro:tidet solution is added to an "unknown" solution, 
white pr cipit te is obtained. In order to conclud that the 

unknown olution contain• gneaium ion i mu t be as ed that: 
(1) N-aO · is re soluble than Mg(OH)2. 
(2) Na4S0i. 1 soluble in water. 
(3) ig( OHJ 2 is iljaoluble i n water. 

co :r 
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(4) 

(5) 

OH torme no white precipitate with aey other ion except 
g••. 

zn++, which torma whit• Zn(OH)2, 1 not pres t 1n the 
unknown. 

44. "The r eact.ion of zinc and an aqueoua solution or r,1tlrocb1oric 
aci d invol ves a tran fer of electron · ch of the tollowing 
1s th best experilllental evidence tor this tat ent? 
(l) Zinc is a r d cing agent; chlorin · is o dizin a mt. 
(2) The reduction ot zinc with hydrochloric acid enerate 

consid rable he t . 
(3) The .freezing point or water 1 1 red by di solving zinc 

chloride in 1 t.. 
(4) The electrons of zinc are tree a shown by the electrical 

conductivity of zinc . 
(5) A galvanic cell with el .ctrode or zinc and carbon, contain

ing tho re ctants in e ar te b ers conn cted by salt 
bridge can b made to produce n •l ctric c r t .. 

45. How 1«:>ul you determine experlm al.1y- whether th c pound XC12 
is electrov lent or covalent? 
(1) T st it olubility in water. 
( 2) Det .e i ta percentage com.po i tion. 
(3) Te tits 1 ctric 1 conductivity in the !us d tate. 
(4) Determin wh•ther th coapound hes an electric 1 charge. 
(5) See whether it will react with" lectron'-sh nr,' or with 

11electron- transter' compound . 

46. Which or the toll.owing is explainod by kinetic molecular th«>:ey 
as pplied to gaaea? 
(l) high compr.ssibilit7 or aa •· 
(2) The solubilit7 o! ga e in ter. 
(3) Th col or of gase • 
(4) The combusti ility of gases. 
(5) The ch mical. etivity ot asea. 

47. An aqueou solution of aCl contains positiv odi ions and 
negativ chloride ions. This explains most directly the f.51ct 
t t: 
(1) The solutt on is neutr t.o litmus. 
(2) The sodi m al will react ~ith HCl solution. 
(3) The solution co ducts el ctricity. 
(4) Chlorine is UBed !or bleaching 
(5) The solution ha a lower v por pre s re_ than pure t r . 

48. The inert g 1n Group O or th P riodic T bl h v th ost 
st ble el ctronic arrang ents. Thi lains ost dir ctly wh7 
th se el nt 
(1) re in ctive ch ically 
(2) Are, with one exception, not radi 
(J) e g& ••· 
(4) were discov red so c a:t.ivel7 r cently. 
{5) be 1dentit1 by us of pectroscop. 

con 
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49. Calci tal h A only on more electron than pota sium metal in 
i t ter- ring or cergy l ev$l. This explains wrq 
(1) the atomic w i ght of Ca is 40, that ot K is 39. 
(2) th~ v ce or Ca is one less than that of • 
(3) th va.lence of is one less than tha~ of C. 
(4) C ++ c~~ es hard in wat r, K~ does not. 
(5 co~ i much less aol.ubl than K2co~. 

~ ~ 

50 . Crow.ing m<:>re o.lecule in 11 l';iven s c lflll increase th• number 
o~ c wee tor collision~ This explains most directly 
(1) the law of ss action. · 
(2) 'Wh:r ~rcury in or d se than aluminum. 
(J) hy w t mixture of olid .a.c12 to react v.l.th olld 

CnS04. 
(l~ ) hy r .ctione: bet ga oft occur more rapidly than 
· re ct on between liquids~ 
(5) why liquids tend to evaporate. 

Cl24 
JOR/fea 
180c 
1/17/54 
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DIR.&:TIONSi rk th• one best answer on the tat ehe ts and on he 

1. 

anaw r ah ete. Score = - /4 

e 1 ta of 
at te ot: 
(1) +5 (2) +3 

up five , ( ,P,A etc.) have a loweat oxid tio 

(3) zero (4) -3 (5) -5 

2. Th.e leents of troup five have !iv• valence lectro and h ee 
thei r maxiaum oxi ation atate i• : 

J. 

(1) ~3 (2) zero (3) +l (4) +3 (5) +5 

nia can be pr p 
(1) H2S04 
(2) hydrochloric cid 
{3) calciwa hydroxide 

d b7 heating n1 chloride (NH4Cl) vith: 
(4) gelatill 
(5) nitric cid 

4. Which of the following lOuld not be found in a bottle ot onia 
wat r? 
(1) wat r %P) (4) lvdroni ion (H30•) 
(2) 1 cular amoni (NH.3) (5) hydro.ql io (Off") 
(3) Di ion ( H4+) 

5. Th val ce ot nitrogen 1n amonia ia: 
{l) -3 (2) -l {3) z ro (4) +3 

6. To calculate the d aity (gr a per liter) ot gaseous 
S. T •• TOU would: 

onia at 

(1) divide it.s molecul r w i!ht by it valence. 
(2) divide it, ol cular wei!ht. by 22.4. 
(3) ultiply ita molecular weight by it valence. 
(4) add the tome weighta 
(5) dissolve it in a r 

7. he el nts t tne nitroi £ 
(1) are all la 

(, P, s etc.) 
(4) all have three valence electron• 
(5) all form ox.ides th t r cid 

anhydride a 
(2) are all nomet l• 
(3) all form volatile hy'drid•• 

8. st of the industrial unollia 1 prepared in this country by: 

9. 

(1) t.he d etructive distillatio ot aof~ coal (4} bact :ria 
(2) the Hab r Proeesa {5) h ting ~Cl 
(3) thunderetonn. with Ca(OHJ2 

1th increase in the ata cw ight the 
famil.7: 
( 1) become ~e 
(2) form. tron er cida 
(3) h :ve re v l ce electrons 

bers ot the nitrog 

(4) becom.e more nometalllc 
(5) • fewer electron in 

the outer levels 

(COPI) 
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10. The ttfixation• of nitro,t n is ccom.pli h in nature by: 
(1) photo :,nth• i• in gr plants 
(2) nitrogen dis olving in rain- ter 
(3) baet ria in the roots of legum. plant• 
(4) th burning of nitrogen in a wells 
(5) none of the• 

ll. The products fo 
are: 

d 1 the reaction PCl:3 - H2o ~ + --- -
(1) PO+ HCl02 
( 2) a3 + HCl30 

(4) HCl + H3 0.3 
{j) HC1-0 + PClO (5) HCl + l5P04 

12. Rock pbo ph te has the formula: 
(1) aH,?P04 
(2) Ca3(P04)2 (3) Ca(H2P04) 

13. Th• tormul !or disodi phosphate ie: 
(1) a3P04 
(2) N 2HP04 (3) aH2P04 

(4) NJ{4Cl 
(5) aN~ 

14. 

15. 

16. 

17. 

18. 

19. 

The formula tor phosphine ia: 
(1) HP~ 
(2) H,l2°', (.3) PCl.3 

en a pi ee ot copper is beat 
(1) it i reduc 
(2) nitric acid is formed 
(3) copper oxide (CuO) is !orrud 

(4) PH 
(5) H3~o4 

1n the air: 
(4) etalllc copper ia 

deposit 
(5) ore ctJ.o takff place 

How m7 grams of odium nitrate ( O~, ol cular weight 85) would 
be required to produce 20 gr a ot nitfic acid ( l. t. 6.3). The 
re ction is represented by the equation: ~ + H~4 --~ 

aHSO I+ + HN0.3 . 
(l) 6. 5 gr 
(2) lJ.5 grama (.3) 18 grm • 

(4) 21 grama 
(5) 36 grama 

k the s e an wer •• ih preceding question. 

Th• m.oleeul r weight or onla (NH.3) ia 17. How many gram.• ot 
onia would be preamt in l ltter or 0.25 oni hydroxide. 

(1) 2.12 gr s (4) 17 grams 
(2) 4. 25 (5) none of th••• 

k the •eras in the precedin que tion. 

20. A six o al (6N) sulfuric acid aolutio (H~o4) 1: 
(1) 6 lar (4) 2 molar 
(2) 12 ol&r (.3) J olar (5) none of th e 

21. A sol tio t contains o g equival t weigh .. of solut per 
ll ter of oluti on ia: 
(1) one olar {2) one normal (3) t.ur ted (4) concentr ted 
{5) one of the 

(COPY) 
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22. 

2J. 

24. 

25. 

26. 

27. 

28. 

29. 

JO. 

31. 

Heating antimony 
of: 

ul!id• (Sb~.3) in the air eaus•• th to t i on 

(4) SbO.,. S (l} Sb• S02 
(2) Sb2DJ+ S02 (3) Sb~+ H2') (5) no new substance• 

Antimony ia used in typ etal beeau.ae: 
(l) it fol"llla a soft alloy with lead (4) 
(2) it tor a allo7a that exp don eQOling (5) 
(3) 1 t forms h rd alloy w1 th lead 

it ia non-poiaonoua 
it ha a low elting 
point 

On use o t bidl:Uth ie: 
(1) ing le d shot (4) for f•rtilizer 
(2) making insect apra,-a 
(3) king low melting point allo7s 

(5) th re are no c ereial 
usea for bi uth 

On• of th• chief 
(1) fertilizer 
(2) ins ct poi.son• 

ea of araenic or its compounds is: 
(4) as catalyst• 
(5) one of these 

- (J ) mald.ni bearing met.al 

If ll. 2 liter• (STP) of ni& gaa was diHolved in enough" tr 
to make one liter o! aolution, the normalit7 of the solution would 
be: 
(l) 0. 3 (2) 0. 4 (3) 0. 5 . (4) 0. 6 N {5) 0.7 

The pale 7ellow color llhich appear• in ni t.ric acid, as prepared 
in the laboratory-, is due to: 
(1) nitrog o~d• 
(2) nitric oxide (3) nitrogen dioxide 

(4) nitrogen. pentioxide 
( 5) ni t.rous oxide 

The valence atate ot nitrogen in nitric acid ( o3) ia: 
(1) -3 (a) -3 {J) zero (4) -5 (5) none or these 

A general aethod for preparing volatile acida is: 
(l) to treat their aal.ta with sulfuric acid 
(2) to treat chlorides -1.th ailver nitrate 
(3) to diHolv ammonia in water 
(4) to diaaolve m tallic oxide• in water 
(5) to heat HN03 and their al.ta together 

Sultur burns in the air to torm 
(1) sulfuric acid 
{2) wlturous acid 

(4) sulfur dioxide 
(3) aultur trioxide (5) h7drogen sulfide 

Sulfur chang a fl'l).11 the rhombic f o:rm to the monocllnic tom it 
the tep ratur• is raised to 95. 5°. This tmper ture is known 
e the: 

(1) lting point o f aultur 
(2) tran itioa tapcrature of 
(3) ~raaeh process 

(4) boiling point of aulfur 
ulfur ( 5) critical temperat11re ot 

aul.fur 
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.32. The rasch proe111&s for milling sulfur dep1nda upon the tact th t: 

JJ. 

(l) sulfur is nonm tal (4) sultur baa a low melting 
(2) eulfur is lighter than water po1 t 
(3) sulfur i soluble in w ter (5) •ul!ur i'loats on water 

Hydrogen sulfide will not 
(1) precipitate m. tal ion (i. 
(2) oxidize SO 
(.3) tarnish eifver 

• sulfides) (4) pro<tuc• an acid 
solution 

(5) form salt such as la.HS 

34. Dried Fru1 ts mAy be bl ch d and preserved at the s • tim b7 
tre ting them with: 
(1) H~ (2) so2 (3) so3 (4) H~J (5) H2so4 

35. The most difficult but vital step in any process tor preparing 
sulturic ~cid ie: 
(1) getting tul!ur to combine ld.th o~g 
(2) overcomin~ th• low solubility of so3 in w ter 
(.3) comblning so2 with ox;rgen 
(4) concentrating the acid 
(5) lee ping the temp rature constant 

J6. One advantage ot the contact process tor making sul..f'uric acid i 
(1) the catalyst i e sily poisoned 
(2) the raw materials need not be pure 
(J) it gives a pure concentrated acid 
(4) th• up- k ~•P of th• plant ie mull 
(5) the acid ia impure lllld dilute but well uited tor the r rtilizer 

induetry 

37. Concentrated sulfuric acid is used t.o make other acids because it: 
(1) is n oxidising a ent (4) is a strong acid 
(2) has a high boiling point (5) i dibasic 
(3) i a dehydrating agent 

38. In the "led chamb r" process for making sulturic cid: 
(1) the acid produced is ot high purity ( ) 
(2) th• catalyst is an c,xSde or nitrogen 
(3) th proc .. .,, requires no catalyst 
(4) the product 1• unfit tor conversion into fer iliz r-grade 

ammonium eulfate 
(5) sult\lr dioxide i reduced 

39. In teatini tor aulturic acid and sultat•s lihich ot the following 
would you use to prove the pr a nee ot the su.1£ate ion? 
(l) li.111e water (4) litmus 
(2) sodium chl.orid• (3) barium chloride (5) something else 

40. In the neighborhood ot roOII temperature the rate of a ch cal 
reactio ia approximately doubled it the t empera.t.ure is: 
( 1) doubled (4) raised 10° 
( 2) incre sed one degree ( 5) increased to the boill.ng point ot the 
(3) raised to 100° C. solution 
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41. 

42. 

43. 

44. 

45. 

Th• ex.pre i [ H2] would be read to m an: 
(1) th hy'dro«en io concentr :tion (4) th l r cone tratio ot 
(2) the hydro en gaa concentr t l on hydro.gen ion 
(J) weight of hydrog n (5) th no ality of h• h7 rogen 

A neee ary condition for ch ic l quilibrl 
(1) the temp rature e above 25° 
(2) the r te of th• opoosing reaction• be une Al 
(3) ga es be involv in the r action 
(4) ao • of the products ol the r e ction be r ov 
(5) reactions be reversible 

Iron i known to be a go d c talyet for the com.bin tion of H2 and N2• 
If an iron cata.ly t ia ad ed to a mixture ot H2, N2 d NH3 at 
e~uilibrium the r esult l«>Uld b•: 
(1) no cha • in the point of equilibrium 
(2) a shift toward form tion o! ore H_, 
(3) a slowing down of the r te of ctecomposition .of NH3 
(4) a halt in the ctiona 
(5) n ne or these 

According io the law" th rel tive quantit1e• of products 
and re ctants t equilibi depend upon: 
(l) the total a es 0£ th• r actanta and product 
(2) the nc tr tiona of r ct.ants and products 
(3) the cone r tlon of the r a.ctanta only 
(4) th mol eul; r wights of the product 
(5) all or thes 

Addit.ion ot 0.1 c2H3o2 to 0 .1 acetic acid will 
(l) increa • the ionizaYo (4) make tha acetate ion approximatel.7 
(2) • the ace te i .o 0 . 2 O. l ? 
(3) lower the pH (5) make the hydro en ion pp ximatel7 

0.1 

46. :lhicb of the tollold.ng i an incorrect answ r to the stat ent: 11A 
re ction etw ions will go to c pl ti if: 
(1) a very volatile product ia tor ed 
(2) a oduct i precipit.at 
(3) slightly ionized molecule is fo ed 
(4) a mtrongly mmplexed ion is produced 
(5) only highly ionized rodi1cta a.re formed 

47. A neutral solution: 
(l) h s a pH ueater than 7 
(2) contains no O ion• 
(3) h s ual OlC and H+ eoncentrat.iona 
(4) cannot be a 80lut.io ot aCl in H20 
(5) ia ore ic than on whoee pH is 10 
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48. solution ot AgNo3 was addad to a Cl 1 t.ion and a white 
precipitate formed. n1 •oluti.on wa added the precipit t 
dia olved b cue? 
1) JH40H is a weak el ct:rol.7t.e (4) NH3 i volatile compound. 

(2) 03 is a weak electrolJ'te ( 5) Ag ion• form complex with H3 
(3) al OJ forms a co pl x vi th 3 

49. buf!er aolution: 
(1) is used to polish bra.a obj ct.a 
(2) is added to explosives to deer as• their ensiti"lit7 toward 

viol nt deco position 
(3) i solution ot nea.rl.7 con tant pH 
(4) i ne containing a atrong acid md a salt o! that cid 
(5) non or these 

50. I n the re ct.:i.on 2 ... o2 +heat-=== 2NO an incre se in total 
preasur will: 
(1) not affect t.h equilibri (4) favor the left-to-right 
(2) r vor tho right-to-lert re ctio reaction 
(3) act aa a catalyst (5) none of these 

:m 
3/1/54 
.380c 

(COPY) 



165 

APPrJmIX V 

Second Departmental Intra-semester Wtamination 



CHEMISTRY 124 
Second Holll" ation 
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DlRECTIO IB: ark the one est answer on th est. sheet.a and on the 
swer hnt11. Score = R - /4 

l . nich of the followi 'IC>uld be oo aidered proof' of a colloidal 
,,1utio : 

(1) no particles visible under a magnif)ing gla a 
(2J boilln<> point of tho solution essentially hat of the olvent 
{J) color in he solution 
(4) no precipitation on lon at.an.din 
(5) Tyndall cone under a bright light 

2. Collo'd solutions o! salt differ from true olutiona of the same 
alt with resp ct to: 

(l) presence of char« ~tieles 4) kind of tter in aolutea 
(2) tranap r ncT (5) none of these 
(3) moleeul r e ht of 50lute part clea 

J . ich of the following is £2! a colloi 1 ,ate : 
(1) fog (2) j 111 (J) corn syrup (4) coffee (5) all are 

colloid l 
4. C co l r~ oves the color from sugar olutiona becaus : 

(1) s ar i ~ non lee rolyt& (4) ch •co&l has a. large surface area 
(2) charcoal is black (5) charcoal hn a lo dm1 ity and will 
(3) charcoal is carbon flo ton the solution 

5. he charge observed on many colloidal part.icles: 
(1) i nee e aril7 n gati • · 
(2) is of th e magnitude tor ch particl 
(J) is of the e sign for all materi 1 
(4) decreases t ir stability 
(5) non of thes 

6. Two solutions are mix d forming an insoluble c pound. rlhich of the 
following is tru•: 
(1) colloid cannot be obtained since the pi·oduct is inmluble 
(2) colloids c not be obtained unles., prot ctive O t is added 
(J)colloid will alwa;ys be obtainsd in r actions producing an 

insolu l• oompound 
(4) colloid ldll be form d if' th cry tal gr~-tl i not stopped 
(5) collo' ds will be formed if the solutions ar tirred 

7. Compounds that contain carbon and hJ'drogen onl;r re called: 
(l) or ic ch istr., (4) hydrides 
(2) carbohydratea (3) hydrocarbons (5) p troleum. 

8. Organic ch iatry is a atud;r of: 
(l) petrol 
(2) edicin• 
(.3) th co l')ounda of carbon and hJI.L."'Og 

(4) th compounds or 
carbon 

( 5) biological ch iatry-
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9. Co pounda th th :v• the 
structural formul & ar: 
(1) i otope 

mol cular formula but dit.f'er nt 

10. 

(2) l otonic (J) i ooctane 

Open chain hydrocarbon whose names 
(1) sa ur ted 
(2) ynthetie (3) uns tur t d 

(4) i ers 
(5) dimers 

vi.th -ane a e: 
(4) isoiuers 
(5) cohol 

Referring to th f ollowin 
• Cnl 2n • 2 

olecular formulae QilSwer u tion6 11 - 16. 
C. H2C :.: CH2 

B. c· CH-CH~H-CH3 
I I 

D. HC:iCR E. cna2n 

CH3 CH.3 

ll. A aatura ed hydrocarbon i represented by: 
(l) A (2) C (3) D (4) ~ (5) non of th se 

12. fo la for then• ia r pr nt.ed by: 
(1) A (2) B (J) C (4) D (5) none of thee 

13 . Ac tyl ne i r pr s ted by: 
(l) (2) B (3) C (4) D (5) n of the 

14. 'l'he correct rue 
(1) hexane 
(2) 2,4-hexane 

• for B is: 

15. Th• IUC n e !or D i 

(3) 2,2-dim&th1l butane 
'4) 2,4-di h7l p ntane 

(1) oet.7l•n• (2} e-cnyn (3) ethe (4) ethylene (5) one of th 

16. The compound that i 
the formula in: 
(1) A (2) B 

sed to "ripenn citrus fruit is repre ted by 

(3) C (4) D (5) E 

17. The radical fo ed from saturat h drocarbone by loss of hydrogen 
· tom is call : 
(1) alkyl r dical 
(2) alkm• radical (3) Alken• radical 

18. Or~anic compounds who• nam end with -yn ar: 
(1) tur ted hy; ro arbona (4) 1-.:o.hols 
(2) hydrocarbons th druble b>nds ( ) acid 
(3) un atur te h droca...-bona with triple bond 

19. Alco ol tha 1£ r dered unfit for beveraiea by add poisonous 
ch icals is c lled: 
(1) rubbi alcohol (4) denatured alcohol 
(2) 11bsol t. lcohol (3) wood alcohol (5) none of th s• 
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20. ch of th tollolti..dg iai the o t acti • ch call..,-? 
(1) ethane (4) octan 
(2) pro (3) propene (5) hexAne 

21. Th proces of uniting ~m ll molecules to 
(1) i om iza o 

_, e larg on a is c lled: 
(4) pyrolysis 

(2 lym r·z tion (3) h7aroly"sis 

22. rotdn food re -fom.ed f ro : 
(1) t rs 

5) analysis 

(4) alcohols 
(2) amino cids (3} t ~tT acida (5 ) C bohy rat 8 

23. Soap i.,. pr p red by: 
( ) r acting an alcohol with hard water 
(2) r acti~ n ater with n stro1g ha e 
(3) r actin a fat with an organic acid 
(4) re ctin a b e wt th an ei: 
( 5) bydrolyzi.n..::, hiV' mol cular weight cid 

Li.std below are several g neral formulas for ceriv~tive of h;rdroc bone 
us~ ft • n H or any lkyl r dical. ltef er to hem in an w ring questions 
24-29. 

A. RCHO B. ROR C. ROH D. RCOOH .E. RC OR 

24. .Alcohol a.r repr e1hed by: 
(1) A (2) (3) C (4) D (5) none of these 

25. Co pounds whose names end with -oic re r present d by: 
(l) (2) B (J) C. (4) D (5) E 

26. F ts are repr o nted by th ~en al formul a in: 
(l) (2) C (3 ) D (4) E (5} non ot these 

27. Ethers are represented by: 
(1) A (2) B (3) C (4) D (5) E 

28. ter e repre. 
(1) A (2) B {4) D ( 5) E 

29. Ald )'des ant repr ent cl by: 
(1) (2) B {3) C (4) D (5) E 

JO. A KMno4 eolution is decolori$ d by as le f petrole • Thi hows 
that: 
(1) th p trol samplo is m er oft e eris 
(2) the p trole sample is uns turated 
(3 ) th petrole s pl is hydrocarbo 
(.t..) the trol l pl• is volatil 
(5) the petl"Olewn le is traight-run ga oline 

Jl. Th produc fom d wh 
(1) an th r 

a primary alcohol ia oxidized on -step i o: 
(4) an aldeeyde 

(2) an ester (3) an acid (5) etone 
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32. Th lead in ordinary le d pencil ia: 

33. 

J • 

(1) di o d (4) ~r bite 
(2) pure etelllc 1 :ad (3) orphou car on ( 5) non of th • 

Or ic Cid re. ct \ 
l) c her 

(2) e=st•r• 

Then e ot the 
(1) n alcohol 
(2) SU .ar 

th cobol t. 

(3) k ton~s 

(3) milk-f!\ll 

give: 

by t 

(4) alts 
(5) s a 

f rmul (CtJi1o05)x is: 
4) tarcb 

( 5) rayon 

35. I'rotei re Y' po ·iziug: 
(l) starch ~leculea 
(2) or anic acid ol cul•• 
(3) amino acid olee 

(4) u a:r oleculea 
(5) CO2 olecul a 

J6. It bromin . d cl to CH2 :: CH2 
(l) CH2Br-GHz!)r will fo (4) c· 2 : c r 2 : CBr2 and H2 

will ro (2) CliBr = HBr and H2 will form 
(3) C 2 = CH2 d HBr 111 form (5; o eaction will occur 

37. micb ot the .t'ollowing will fo a salt wit l odium ydroxide? 
(1) Ci er I+) HCOOH 
(?) CH~ : 3CH2 (3) CH30H (5) none ot thee 

3 • Colloid particL ar lar er t. an ordinary · olecul • Thia xplaina 
ldb.7: 
(1) 

(2) 

(J) 
(J.) 
(5) 

colloidal suspen ion _uall;y lo tur'o:dity when bHm of 
light i.s llowed o pas thro ~ i'L 
oet colloidal p ticl~s move in n el ctri c fiel toward an 

elect d 
colloid ticle* are in constant moti 
so p .~ulsifiee oil 
such colloid s gelatin act. "prot ctive ents 

39. lhich of the following would e ost tf "'ti in r ovi undes r ble 

40. 

odo the · circulating in clo d r frig rator? 
(1) solid e cl chloride (4) a .. · t-ure containing 
(2) ac ivated ch rco 1 chlorophyll 
(3) concantr ted aul.£\1r1c acid (5) rock sal~ 

th f olloldn.g ion.,. mq form 
so '? 
(2) c~= (:3) so4 = {4) J 

curdy , cipi t te w.\ th 

(5) C --

41. The c on i th wood of a growi tr co ro 
(1) tbe '1 ec y 1k tl r in the aoil 
(2) th carbon dioxide in the air 
(3) lin;.e 01e d other car onatea around the rot of the tr 
(4) artificial r rtilizer 
(5) non f th, 
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42. ch of th . tolloid.n will re ct with w ter to produce a g a th t 
will burn in ir? 
(l) r ~en rixida (4) zinc ta.l 
(2) pots i chloride J) c ci c bon t (;) calci c rbide 

43. A g e y thi, reaction o! st with inca.nd sc nt cok : 
(l) producer gas (4) c 1 i a 
(2) c t .. e (3) tural a ( 5) er • 

44.. of · f1:>llowln ould b form by th co pl t~ cor.wustion 
of liquid tu 1 containing C, H, and 07 
(1) CO2 d 'iJ (4) C mxi 0 
(2) CH30H (3) CO d H2 (5) CO ,d ~20 

45. ihich of these tat nta indicates r ult of process of 
photosynthesi ? 
(l) nitroe; 1~ fix 
(2) c rbohydrat d fr oxyge are form ~r ro CO2 a.al H2o 
(3) the c rbon in d c ing or genie tt.er i r s CO2 
(4 the 2 of i.r is changed to ammonia 
( 5) energy fro unli · t i s gi v ou in the f om OL h at from 
~ i.ng gre n plo.nt11 

46. hi.ch of th follo compounds i 
by: "'OC bon? 
(1) C5H12 
(2) c5H110H 

47. Which of the followi 
(1) (CH3):zCO 
(2) c12H23cooH 

compound i an orgmic acid? 
(4) CH,·CHO 

(3) C~OR (5) C5P.12 . 

48. ihich o! th 
bron~in ? 

followi?l! compounds will re ct m t r idly with 

(1) CHlt 
(2) C6H6 

49. ihich of th f ollo d.n0 co pounds i 
(l) c3u5(oH)3 
(2) c2iisC1:0 3) 6H14 

(4) c2H6 
(5) ~2H1Pl2 

coh l ? 
(4 C"H5 •0• C2H5 
(5) HC'O'JH 

50. ihich of th ollowl n.g tat. entn appli s in g n ral to all organic 
co un ? 
(1) non ar nolubl in wr.ter 
(2) they re coval nt 
(3) the1 ioniz~ adily 

(4) they poss,~ ... hi~ lti1.g points 
(5) they form no et lJic compounds 

JOR: 
,124 
4/6/54 
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D TIONS: rk the on b t answer on th est h et and on the 
s r ah""et . Scor = R - /4 

nonmetal b c use th 7 1. Metala are dis tin!Uished fro 
(1) fo oxides 
(2) are ordinarily' aolid 
(3) occur in nature salt 

(4) have electrons in their outer 
atomic hells 

(5) h v low lectric 1 r si tanc 

2. All naturally occurring <X> pound of 
(1) orea 

ls ar 

(2) e lts (3) min ral 

3. oast~ is a tallurgical proces whereby: 
(1) oxides are heat d until lted 
(2) sulfides be converted to oxid a 

(4) basea 
(5) alloys 

(3) coke is us d to reduce the ore to the etal 
(4) etals are farmed into alloys 
(5) none of th • 

Use is de in questions 4 through 8 ot the tollowing seri of el ents 
arranged in order of decreasing ctivity: Ca, Al, Cr, Cd, Sn, Pb, H, 
Cu, Bi, H , g, Pt. In the following qu tiona if the nt i tru 

k answer fo . 1 and 1.f' false k answer o . 5. 

4. This 1 th ord r o.f' incre ing se 0£ reduct.ion. 

5. All the la are ~ound in the uncombin d at te in natur , but more 
often in the cases of Ag and Pt. 

6. Thi i th order ot incr sin e e ot r ction vitb oxygen. 

7. All the et l can be r due b;r electrol1 1 o:f cert ·n of their 
c pound_a. 

8. The etal. toward the miodle of the seri s are more llkel7 to be 
found ulfid a than tho at either end. 

9. Alloy-a: 
(1) are electrovalent c pounds 
(2) h :ve prop rties identical vi.th tho or the compon t etala 
(3) may be solid ~lutions 
(4) carmot b • contatning more than two tals 
(5) none of th se 

10. A ple of anhydrou AlC13 i desired. 1ch r action would be best 
uited 

(1) hydrochloric cid + alu.'llin 
(2) alumin hydroxide+ hydrochloric cid 
(3) lwrln + chlorin 
(4.) ari chloride .:>lution + aluminum sulfate solution 
(5) al nitrate solution + hydrogen chloride gas 
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ll. Th tollold.ng oxtdea were g«itl7 heat$d 
sily? 

Which docompoe s most 

(1) Bao 
(2) Fe203 (3) Ag20 

(4) CuO 
(5) Al 20J 

12. Which of the following would be soluble in water? 
(l) BaS04 . (4) Caco3 
(2) Ag3P04 (3) Pb(N03)2 (5) ZnS 

13. Which lC>uld be th •trongest. base? 
(1) Al(00)3 , 
{2) Ba(OH) 2 (.3) .Fe(OH)3 

U.. ich t«>uld b • insoluble 1n wat.er? 
(1) {NH1)2S04 
(2) Kg(N~)2 . (3) Fe<a3 

(4) Zn(OH)2 
(5) Ni(Ol:i) 2 

15. In the etallurg of iron the coke added to the blast fum&ce: 

16 .• 

(1) makes steel (4) aervea as tuel to elt th iron 
(2) reduces iron oxides (5) none of these 
(3) oxidize the molten iron 

Steel never: 
(1) contains carbon 
( 2) is harder th n pure iron 
(3) contains 7 11'1!· tal other thm. 

(4) is made by the s~ssemer 
Process 

iron ( 5) i pure iron 

17. 'fh tempering of steel involves: 
(1) addition o.f coke to the molten steel 
( 2) separating the slag from t.h.e metal 
( 3) addition or limestone 
(4) allowing cementite crystals to grow from solution to iron 
(5) pn>ducing a more brittle steel by heat tre t m nt 

18. The ru ting of iron: 
(l} involves t.he !om.at.ion of Fe(OH)3 
(2) is a problc of cientific interest only 
(3) can.not be controlled by painting t.he surf ce 
(4.) oeeurs more !"'1adily with pure iron t.han with less pure iJ"On 
(5) none or these is correct-

19. Iron salts: 
(1) do not hydrolyze readily (4) hav a single valence 
(2) are called cupric and euprous(5) none of t hese ·$ correct 
(.3) may act as oxidizi and r ducive agents 

20 •. Il"On ata.ina: 
(1) ar caused by terroua hydroxide 
( 2) a7 be rcov by oxidizing 8.!•nta 
(3) ar caus d by hydrolys1e of f rrie compound 
(4.) ea 117 wash out of .fabrics with dis t!lled w, ter 
(5) non of these 1 correct 
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· 21. ransition t l : 
(l) h :ve inner lactron hells w1 or hen 8 but l th nth ir 

maximum n ber 
(2) g rally h colorles ions 
{)) hav• sin le v enc 
(4) re rel tively poor ct l,y t 
(5) non of th se 

22. ch ot th following etal are tran ition etale: 
(1) zinc (4) cobalt 
(2) cadmiwa (3) luminum. (5) bari 

23. ich of the following do s ~ apply tA> nick l: 
(1) ~rt. corrosion resist ce to iron alloy• 
(2) i in w ter i gr n 
(J) to c pl~ ion• r adil.7 
(4) catalyze the hydro nation or oils to give f ts 
(5) none of the • 

21+. ich of the tollowi.ng ha the lo st electrical r sistnnce: 
(1) imn (3) ate l (5) tr phite 
(2) copper (4) nickel (6) sand. 

25 . I the lectrorefining of copper : 
( 1) impure copper is e th posi t1ve electrode 
(2) olium sulfate i h el ctrolyte 
(3) a high voltage is re quired 
(4) olt c170lit ( a3 6) is th electrolyte 
(5) pure co r i dissolved at the ne tiv• lectrode 

26. ich of th following pair• ar not tched: 
(1) cu•· - oxidizing ent 
(2) Ag+ - difficult to reduce 
(3) Al.......,. - inaoluble hydroxide 
(4) Zn"',. - oxi • in paint.a 
( 5) Hg2"' - found in calo el 

27. Silv r: 
(1) i solubl in hydrochloric acid 
(2) will b precipitated tro *llution by ta.llic zinc 
(3) to s lar•e n ber of luble s lta 
(4) lie abcw hydrogen in the ctivity s ri 
(5) carrode r pidly in ist air 

28. ihich ot the following i not t.ru : 
(1) gCl - olubl• in ammonium. hy'droxide 
(2) Ag r - affected by light 
(.3) °J - precipitated fro eolut.ion of Ag()H and HN03 
(4) Au - l107& readil.7 with Ag 
(5) Ag - rea.dil.7 t 
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29. One a,uld ~ di tinguish betwe cu++ d A + in a solu· by: 
(l) din HN03 (4) adding pi ce of zinc 
(2) dd HCl (5) no e or th se 
(J) co~ r of sol tion 

30. In p tography th dev.:1.oper: 
(l) di solv out th unupo d At. 
(2) i an oxidizing ag nt 
(3) top the ction of li in d k film 
(4) reduce the expo ed At.Br to silver 
(5) non oft ese 

31. · ch of the i 11 ld. 
(1) Ag - (+l) 

el nts are incorrectly atch in val ce: 
(3) C - {+1, +2) (5) C - (+2) 

(2) Zn - (+2) (4) g - (.2, ~3) (6) l - (+3) 

32. ich of the following i incorrectly writt : 
(1) Al( OJ)3 (4) OoCl2 
( 2) g~Oj (.3} Al,l ( 5) CuO 

J.3. Sodi ic rbo t: 

J4. 

.35. 

(1) is ~OJ . 
(2) deco pos n h tin& 

(4) is unreactive to rd 
( .5) no of these 

t acids 

(3) give a red flame ts 

Al ( l(S01a.)2 • 12 H2o) i used in baldn& r,o der becau e: 
(l) it contains 04= (4) it hydrolyz a in w ter givin n cid 
(2) it contai + solution 
(3) it i acid (5) KOH i a strong b 

c:h t the following are• · larit.1 s bet e 
and the er o the inc f ly: 

(l) valence 
(2) uses 
(3) bilit7 to fo ions 

the 1 aline earth 

(4) l t t 
(5) r ctivit7 

36. • ch or th tollowing ta1a wcaild not r ct th HCl to iv• H2 : 
(4) Fe (1) Zn 

(2) Al (3) (g (5) Cu 

.37. On the b ia of the periodic t bl• which of the t llotd.n! predicti na 
i incorrect: 
(1) B(OH).3 would b atroll-!•r b e than Al(OII):3 
(2) (OH)2 ld be a at nger b se than Mg(OH) 2 
(J) would be ore active et than Al 
{4) C llhould le elo r than Al 
{5) on ot the 

JS. ihich ot t • tollolfin r ctiona indicates photeric b avior: 
(1) ZnC12 + Hi' ZnS + 2HC1 
(2) OH+ HCl ----7 Cl + H20 
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(3) 3 OH+ (OH)3 ----~ "JAl03 • 2H2o 
(4) + Cl3 ~~ Cl3 
( 5) e2')3 + 2Al --~ 2Fe '1' Al2o3 

39. to ur cture it• paint pi t . 
• oat uit bl•: f olloY.i.n ac ts uld be 

(1) Ca(N°-3)2 + a2(:0J (4) 
(2) Cd 12 + HiS (5) 
(3) Al2(S04)3 + aO 

Cl2 + H~04 
+ ZnS04 

40. Th• pro of il'o tro rusting by covering with nnc i call 
(4) oxidizing (1) piclcllng 

(2) cracking (J) tinin { 5) g vanizin 

41. qby, Top z, nd aa phiN are 
(l) ZnO 

42. 

(2) Cao (3) 2o3 

g~l2 is• 
(1) Bauxit 
(2) ic e (3) lit opone 

43. e 11 t ng" of pl.aster of Paris invol a: 

(4) f•~3 
(5) CuO 

t1on o! limeaton• (4) dryin o t of the pl:iater 
(2) t, tion of al aillcate ( 5) t tion t UP 
(3) oxid t.1.o of lim 

44. The ua or borax in glazing pott ry and in · nw. r en el dep da 
upon: 
(1) it 
(2) it high eltint 
(:3) the fo t n of a gl 7 solid o 
(4) its solubility in 
(5) none or th se 

45. at weight. of -...~ ..... 

46. 

2000 unds o£ alwt.U.· UM,1,11 

(1) 847 
(2) 1230 

tal could be t ained on lectrol is ot 
xide which a SO% pure? 

o) ms 
(3) 629 (5) 72.0 

in q est· on 45 . 

qu ti 
eta 

47. Al+ }Cl --~y (1) 5 (2} 10 (3) 9 (4) lJ (5) 8 

• Zn(OH)2 + aOH - 7 (1) 4 (2) 6 (3) 8 (4) 7 (5) 12 

• 
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49. I:'e2(S04)3 "" :·.l2~J --~ (1) lO 

50. N&(fiC0,3)2 • hoat --, (1) 5 (2) 4 

(.3) 11+ (4) 11 (5) 12 

(3) 6 {4) 8 (5) 9 

1'.M:tfea. 
180c 
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