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" ABSTRACT

ions of CHEM Study materials. Each revision is compared with CHEM Study
“in order to identify deletions of 1nformation additions of 1nformation,
and differences’in-style.'

Each chapter of the CHEM Study_textbook and the experiments that

~ are relevant to the chapter have been compared in detail with the corres- '

’pondingnsections,of'the‘Raytheon; Houghton‘Mifflin, and Prentice-hall'
vrevisions in‘turn.’ The organization.and chapter coverage‘of'teachers'
}guidesvand.progress tests for all fonr versions were examined.

‘The format is most appealing inhthe Prentice-Hall and Raytheon'
:revisions_since the maréins areAwider andvthere'is only.one column'of
Print., The scientific nodels.containedvinftheseitwo versionS_are‘thej
most imaginative and most representative of real phenomena : For example,
: Raytheon and Prentice-Hall resPectively represent energyﬂlevels in the

hydrogen atom’ by an irregular-staircase model and a bookcase model rather

than the triple beam-balance model- that is prov1ded in the other two: ver-

sions. Prentice-Hall shows that activated—complex formation is analogousv

lto pole vaulting There‘is greater scientific rigour in the revisions
than in CHEM Study 'in definition of rate of reaction and in description
.of "noble" gases.'vRaytheon anlerentice-Hall explain chemical phenomena
from first principles more'frequentlybthan the’other versions and have.
thevleast recitation ofvfacts.;,They also contain thenmost‘laboratory ’

work. Information in Prentice-Hall includes more up—to-date scientific

1ii

The purpose of this study is to provide an analysis of the revis- .




i :developmentshthan;the,othervversionsﬁ’ ihe‘four teachers'.guides7aref
: very-much:alike. 'Progressktests forjall}yersions aretmultiple—choice'

.‘ and,mainly openebook'tests;thoughtonlﬁifflin is the'only'version which
.provides a.separate.test for each chaptertofnthe texthook;in-addition t0.

. cumulative tests;ts

Regular patterns in nomenclature should be p01nted out more clearly .

: in all verSLOns, to allow students to understand the symbollsm and under-

vstand the structure of chemistry " Some adJustments still need to be made._iv

'to familiarlze students with 1ndustr1a1 appllcatlons of chemlstry. Photo—-'

graphs have not been well chosen and are over-used in houghton leflln.'
CHEM Study and the Houghton Mifflln rev131on are not as good hlgh
. school textbooks as ‘the other two versxons since they do not have suffi--
iacient integration ofvideas Aclarlty,iand.releyance;' The Prentlce—Hall
rev1sion has clarity of expres51on a style which establishes rapport
w1th the youthful reader w1thout any sacriflce of deoth and 1nformatlonv
,thatxls most‘up-to-date.-FIt is the best ch01ce for students mho plan to

v'study post-secondary chemistry :The Raytheonxver51on 1s;We11 Su1ted,for‘

- the student whonwill termlnate hisiformalgstudy ofychemistry’in secondary 7

"school;‘
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' CHAPTER I
INTRODUCTION =

| Statement of the Problem -

Thelpurpose of this‘study isdto'provide‘chemiStry teachers and -

-:curriculum planners with an analysis of the revi51ons of CHEM Study

The CHEM Study textbook Chemistry - An Experimental'Science
"and 1aboratory manual, published by W H Freeman and Company, San
h:Francisco have been available since July 1963. In 1968 two authorized'

revisions were published - Chemistry - Experlments and Prlnc1ples pubjy'

* lished by Raytheon Education Company, and Chemistry. An Investigative

Approach, published by Houghton Mifflin Company.' Ioward the end of 1969,;¢¢:>h"’

: Prentice-Hall Incorporated published Chemistry- Experimental'Foundations. 2

Publication of these three revi31ons was authorized by the CHEM Study
‘Steering Committee in 1966 i |

| ‘The textbook authorized for grade elevenbchemistry iniﬂanitoba is
, the‘Freeman publication ' This the51s w111‘g1ve an obJective presentatlon

‘of the properties of the three rev151ons Where they differ from the

1 : o

Freeman version" to- p01nt out speclflc variations in models and explanations SO

-used, ‘in relevant facts presented and in originality of problem sets,

"Content of experimental work, achievement tests and‘teachers _guides wlllv'f

 also be compared.

?lHereinaftervreferred,to as the Freeman version.




o Importanceﬁof the  Study

The CHEM Study Steering‘Commlttee selected three author-publisher
-teams. frombseven applicant teams to be the producers of revisions. The
CSteering Committee was confident that it would thus "guarantee the exis-.
~tence of a variety of excellent high school chemistry textbooks" and

reduce the likelihood that textbooks of the future might by their fail--i"ﬁz

ure to keep pace w1th the accelerating movement of science ,make repeated=

curriculum studies necessary" (CHEMS Newsletter June 1969) B This state-?'.
g ment’suggests that the rev1s1ons should be. assessed as potential textbooks‘
for Manitoba schools. - |

o Im the event. that some or all oi the,rev1s1ons are authorlzed for S
vuse in Manitoba teachers w1ll need somebev1dence to _enable thembto judge ;ﬂ
which set of materials would best meet the'needs of. their students.; This”
lg_'study Will present obJectively the dlfferences 1n contentAbetween the

-:three rev1sions and the orioinal ver31on;€ Ifdnot all the revis1ons are :

‘,accepted as alternative textbooks for grade eleven in Manitoba ‘the con-:

: tents of this study may enable teachers and students to use the revi31ons_"

’ivmore.efficiently,asnresourcermaterials;',”

" Design of the Study

- In this thesis, the“events and'considerations'that'led'to the pub-

lication of the original CHEM Study materials are examined All materlals
authorized by- the CHEM Study Steering Committee and evidences of their -

‘success' are enumerated.



The bulk of this thesis.is a detailed comparison of each

of the three authorized revisions with the Freeman laboratory

experiments and textbook. Explanations and models are compared

chapter by chapter using the sequence from Freeman, for the four
different versions. The originality of problems and questions
in each of the three revisions as compared with the Freeman

version is examined quantitatively. The comparison of the four

laboratory manuals is designed to assist the teacher to select

efficiently from a variety of experiments that are relevant to
a given chapter in the Freeman edition. The teachers' guides
and achievement tests are examined, since they will partly determine

the curriculum offered to a class.




CHAPTER II

REVIEW OF THE LITERATURE

IheCOrigin of CHEM Study -

The.CHEM Study.story'began in'the'fallfof 1959.;Blhree men, repre-
senting the American Chemical‘Society and the National-Science Foundationi»
met with Dr Glenn Seaborg in Washington and described to him their 1dea '
for a new high school chemistry course. Theyvpersuaded him to assume res—rd
ponsibility for the'development of thevcourse' |

Dr. Seaborg received his Ph.D. from Berkeley in 1937 at the age of
25.. He and Professor Edwin McMillan. shared the Nobel Prize “for Chemistry
bin 1951, for producing neptunium and plutonium From 1958—1961 he'was
Chancellor of the University of California at Berkeley, and in 1961 was
appointed Chairman of the U S Atomic Energy Commission | |

. Dr. Seaborg accepted the chairmanship of CHEM Study in 1959 on the

condition that J. Arthur Campbell of Harvey Mudd College Claremont ‘Cali- .

'fornia would be Director of the programme It was Dr Campbell who‘d
named the pro;ect ‘the Chemical Education Material Study, or CHEM Study
| This Study was supported by the National Science Foundation through grants:f“‘
totalling $2 800 000 to the Univers1ty of California, Berkeley, and to v
Harvey Mudd College .

Seaborg.and Campbell.selected a‘Steering‘Committee'to include them—
selves and l7 men from 11 states (Minnesota, New York, Pennsylvania Texas,

and others), including un1vers1ty professors a publisher high school
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o teachers, university,administratorsr“an~American Chemical Society repre-
sentative, a film spec1alist from Encyclopedia Britannlca and a repre-
sentative from industry The Committee-met:in January, 1960 at Berkeley

tovset up-ob;ectives-and a time schedule;,~'

Selection of Authors and‘Mechanics'Of”Productionv

The Steering Commlttee made some suggestions and a selectlon of
: exceptional American secondary school and unlver51ty persons known for
'~ the. ‘high quality of their teaching, research and Writing Were then con-
tacted by the: Director Their participation was requested in deSigning
materials for the new course. All ofythe"personsscontacted agreed to
participate | | | . o |

| Their first meeting was: held in April 1960 for four days of -dis-
cussion.‘ A series of chapter outlines was developed : Each contributorA
17chose or was: assigned a‘section to be prepared for the summer wrlting
session;vii | i

By the end of July, 1960 bmaterials had been re-written twice

eThe course was used in 23 trial schools and -one Junior college by aboutf'w

1300 students in the 1960 61 academic year, in more than 130 schools by»"'

over 12 000 students in 1961—62 and in 550 schools by about 45, 000
-students in 1962-63 (Freeman, p. Vii) Each summer the textbook and
flaboratory manual were revised until flnally, the hard cover edition of
the textbook was ready for the schools in. July, 1963 (Merrill and Ridgway,i

PP 24—26)




':Philosophv of the Authors

fhe Garrett'ccmmitteel.and the Steering Committee were convinced
that chemietry coursesvgenerally heing.offered in high schools}had,three
weaknesses. first, they’involved memorization of much chenical hietOry,
descriptive detail,.and technolcgybthat‘were'somewhat cutbcf'date and/or
relativeiy unimportant. Another weakness was insufficientvemphasis'on
understanding major unifying'concepts.and principles. Also, laboratory
;work was often»"cookbcok exgrcisesﬁ,,ﬁot as meaningful as it should haveb
been, and not representative of scientific investigation (Merrill and
Ridgway, P 26). | |
The general obJectives of CHEM Study, as conceived by the Steering

Committee in January, 1960, were to develop new teaching materials for
high school chemistry 1nclud1ng a textbook laboratory experiments and
films._ The‘more spec1f1c obJectives were to reduce the then current
separation.between scientists'and-teachers in the understanding of science,.
'to.encourage teachers‘to keep pace with scientific adVances by taking fur~
Ither‘courses andhtherehylimproning their;teaching methods;,to'stimulatev
and prepare high school students whose purpose was to continue the study
.cf chemistry invccllege, and to furtherbinlstudents who would not continue
formal study of chemistry after highbschool an understanding of'the impor-

. tance of science in human affairs (Merrill_and Ridgway, p. vi).

1The Garrett Committee (1959) was a 6-man committee set up by the .
‘American Chemical Society, to study the pos31b1e organization of a high
school chemistry course.
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fIt.was‘decidedithat thevcourse shouldfbevpresented_using an'experie.
mental‘approech,vsince chemistry deals with things as well as with ideas,
vand since there is some evidence that- students retain longer what they see
and’ manipulate than what they only discuss (MErrill and Ridgway, p. 117).

- The Director of CHEM Study considered that experlments should be

student-performed rather than demonstrated and that the answer should not

be known before the experiment 1is begun but discoverles should ‘be made by '

the student : as the experiment progresses.) Experiments should give the
' student an opportunity to observe chemical systems. and gather data for

development of principles which would later be discussed in ‘the textbook ‘

and in classQ There should be- increas1ng practice in organizing and inter-

preting data;hp
It was recommended by Dr Campbell that the student should be left
at the end of the course w1th
a feeling for both the power and limitations of sc1ence with a
feeling for what current ideas and methods are accomplishing, but..
even more, with an understanding of the inev1tabillty of change in
.scientific thinking and a realization that it is possible even for-
a non-scientist to keep abreast, 'in a general ‘way, of these changes
if he has a feeling for the ba31c methods ideas and facts used by '
~scientists (MErrlll and Ridgway, p 122)
Six basic units for the new course were suggested as follows‘
(1) introductlon (2) an introduction to Structural Chemistry, includlng
'atomic; molecular ‘and macromolecular structures, (3) an introduction of
Chemical Dynamics, (4) an introduction to Systematic Chemistry, (5) an
bl

intensive study of the,chemistry of a'single element or family ofvelements

and (6) a review paper of some area of current.chemical.interest.'"




‘Selection of Content

';Criteria for Selectionjof Content

During the early meetings of;the contributlng authors, many ques-‘

' tions on content were thoroughly discussed v |
 The- criteria used 1n decidlng whichbconcepts and- maJor principles-"

to include and deciding the strength of emphasis suitable were as follows'hh

1. Is the idea so" important in modern chemistry that a. flrst

v course would be ‘incomplete Without it?.

2. Can the idea be deve10ped honestlyvto be: comprehensible to high-_F

~--8chool students? | U |
'3.' ls the idea essential to other maJor 1deas in the’ course‘7
4. Can the idea be developed from- the hlgh school students 'experi-

-mental results -or .from data that these': students .can understand? . :

b There was uncertalnty about the emphas1s that should be. placed on

: industrial applications. AIn re3ponse to feedback from trlal schools .af

-nproblem on’ manufacture of sulfuric acid was. introduced in Chapter 13

.as well as: other problems involVing 1ndustrial processes.; The film,

"Bromine - Element from the Sea" was produced | |
:LThere'Were;decislons‘to be maderabout inclusion of unstable re-

cently—discovered compounds _about sultable depth of algebralc treatment »p-

of gas 1aws and. equilibrium about interpretation of the mole concept ‘

*and about depth of treatment of the topic -of radioactiv1ty.- Many.secon-

dary school teachers felt that the concept of ox1dation potential (E )

was too difficult for high school students but they were over-ruled.

.Teacher experience ‘has since shown that E° should be in the course..




Noteworthy Omissions of Topics

" Concepts that were considered but were omitted in the final edition

are the following (Merrill and Ridgway, pp..31-32).

1. Quantitative use of colligative properties was omitted because
molecular weights and support for the theory of ionization were developed

through other evidenée.' Molality wasﬁalso excluded because it would not

be used.

2. " The perfect gas equation, PV=nRT, was omitted since the,Broadef'

idea of the kinetic energyrof moléculés,.ﬁsed in the.study of reaction
kinetics, was considered more‘effecfivé for this course. |
»v3. Lewis acid—baée Eheory was omitted ffom fhe aéid;base chépter
becaﬁsevit istnof uéefulllaﬁe: in tﬁe cbprse:ahd bécaﬁsezthe neceségry.
'_undériying,ébncepts are not developed ﬁnéilAlétér in.thé book.
i 4. vNormélity aﬁd equivaienf.weights:éfé omitted Bedaﬁs¢ they.

.bwoﬁld'not;be useful to the beginning student.  Balanced equationé and the

‘mole concept are used instéad,_in solviﬁg problems that could otherwise

be handled using‘normality'and equivalent weights.

>‘5.' The Bohr.planetafy model of the atom was not included because

it is of historical interest only and is no longer useful to chemists. It
was -felt that the Bohr model would interfefe_with the learning of a model

‘based on modern evidence.

6. Electronegativity was omi;ﬁed Becauée differences in ionization
energy. were sﬁfﬁicient tb explain.bond polarity.
| 7. ‘The‘Born-HaBef cycle,_to analyze energy»effecfs on bonding, was
Omitféd becguse Students‘here drawing misgaken ideaé frbm it about reactioﬁ .

".mechanisms and bonding.
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8. Valence (as a noun) was not used since it has too many mean-
ings. - The terms ionic charge, bonding capacity, oxidation number, and

coordination number were used instead.

Advanced TOpics'Included

-Some advanced topics are inciudéd.in the final edition of CﬂEM
Study; |
1. Discuséion,of inert gasés was altered to include the com-.
poqndé'discovéred in 1962.
2; Nuclear reactions were given more thofough treatment since
PSSC PhXSic% ignofed the t0pié.
Certain advanééd topics were introduced which had préviously not
been presented at,a1l in the piescfibed high schoolvchémistry éurriCula,
'at_least in_éome parts of Canédé,fiﬁcluding’Ontario. These topics are
as fdllows; ‘ . | |
1. 'The:concéptvof heat of reaction, quantitatively interpreted,
including determination.of.heat_df:reaction in expériments and problems
2. Concépté of agtivationbeﬁefgj and threshold enefgy'and théir"

graphical representation. .

3. Explanation of catalytic function in ‘terms of a new mechanism

4. Quantitative treatment of chemical equilibria and solubility:

equilibria and interpretation and calculation of the associated constants

" s, Qualitative idea of entropy and use of the concept of opposing

drives toward minimum energy and maximum randomness to explain solubility

‘equilibria
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a6.»;Bronsted-Lowr§'theory.of acids.andibasesgzﬁ
- _7.vtConcept of'oaidation.potential»andbits‘use.in determining

whether a redox'reaction:willﬂproceed and inubalancing equations L

8. .Determination’ of quantltative characterl‘tlcs of llght given_
off or absorbed by atoms whose electrons move to dlfferent energy levels

9. bInterpretatlon and study. of ionlzatlon energles and the re-
sulting effect-on-bondqtypemand:ionic-character - ‘
| ' :lO. Atomic orbitals and ‘their orientation in- space and the re-d-
sultlng shapes of molecules | |

‘fi11g' Mole conceptl
- The Table'of Contentspfrombthe.Freeman’version»(AppendixA)vgives

atheuform of presentation that was;finallyrselected{

CHEM Study Publications and Films

Production of the CHEM Study textbook Was the maJor task The,,'

- first. two-thlrds of the ‘book - emphas1zes chemlcal concepts prlnc1ples

and: theorles and the last third applles them in dealing with descrlptlve

chemistry

 The laboratory manual empha31zes the dlscovery approach and enables

the student . to observe chemical systems and;gather.data for;development-

of principles whichuare subsequentlytdiscussed in:the‘tektbookA

The Teachers Gulde is largely based on. requests for help expressed
.by teachers in the: trlal years. (1960 63). It is:practical and.detailed
vproviding help in 1esson and laboratory preparatlon enrlchment materlal

-~ for gifted students and .a varlety of qulz questlons for student tests.
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‘Two sets of multiple-choice achievement tests have been published
They are open—book tests that attempt to measure whether a student can

interpret experimental data and whether he: understands significant con-

-cepts -and can apply them to new 51tuat10ns. Each set:of seven’ tests-covers

Chapters 1-17. . Statistical analysis was:doneion the'test items and ad-
justments'were made to establish an:intended,ayerage raw score of 607
(MErrillvand'Ridgway, p; 36) . |

ey Other printed materials 1nclude charts produced and distrlbuted
by Welch Scientiflc Company and Central Sclentlfic Company, based on the
" . CHEM Study textbook and programmed 1nstruct10n pamphlets on use -.of the
sllde rule and on exponential notation.” Two books: were written'as extene

- sioms of CHEM Study course: materlals‘aé Man—Made Transuranium Elements

4‘by Glenn T. Seaborg and Why Do Chemical Reactions Occur7 by J. Arthur

’Campbell The CHEMS Newsletter started 1n November 1960,,1s_st111;'
being distributed free of charge on requestvv. | | -
Twentyeseven films were produced to be‘used as teaching tools.
These films show experiments that the teacher‘would find difficult or =
impossible to demonstrate in “the classroom due to - expense bextreme‘size,
extreme speed danger time limltationsb oracomplex1ty Many of them
'clarify mental models of structure or dynamic process through animation,
A teacher s guide ‘to ‘the films is available from Mbdern Learning Aids,
Nequork, A total of 15 lecture films were developed for tralning }
teachers who had .not attended CHEM Study Institutes.. Two %-hour tele-r
:vized panel discussions between CHEM Study staff and high school teachers

" are also available in film
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V.Adogtion.‘_h
- CHEM Study is used by approximately 50% of chemistry students
in the United States (MErrill and Ridgway, P. 73) : There‘were twelve
different foreign-language translatlons of all ‘or parts of the text-b
book authorized by December 1968 includlng Chinese Frendh,-Hebrew,--
Hindi, and Spanishd = |
“In 1968 the Russian translation of the textbook appeared ~un—'
iauthorized by the Study. The preface indicated that it was translated
at the recommendation of the greatest sc1entlsts of the Academybof
Sc1ence of the USSR and the Academy of Pedagogic Sciences of the RSFSR
'_V(Merrlll and Ridgway, P 54)
| By 1967 income from the CHEM Study‘materials exceeded the
52, 800 000 total Natlonalec1ence Foundation grants and- this amount
»had been returned to the U S. Treasury hThe prOJect;has more,than‘paid.
for itself | | v o
Part of the impact.of CHEM Study 1s probably related to the dis-
ycoveries that CHEM Study students have a. distinct advantage 1n'select1ve
_ coursesi at universities and that a smaller proportion of CHEM Study.

tudents than traditional-course students drop out of univer51ty

. chemistry courses, Thls improved completion record suggests that they

.are more per31stent and more 1nterested in chemistry because of their

,background (Merrill and. Ridgwa], p. 66)

1In universities where a qualifying screening test is required
for: science entrance :




Van Cleave (1970) has reported that most university students

in Saskatchewan who are graduates of traditional high—school chemistry

find themselves at a-distlnct~disadvantage when they must compete.with

students having a CHEMYStudy.background. The traditional course still

exists because;ﬁeachers are authoriaed to:use CHEMFStudy inFSaskatchewan ‘

-schools. only ‘if they havevatlleast two"university courses‘in chemistry |
7plus a six—week up-dating course spec1fically related to CHEM Study

In 1968 32% of Grade ll students and 417% of Grade 12 students were - com-

Apleting the trad1tiona1 course.

On the Regina Campus the student who has received a grade of

. more thamn 70% 1n CHEM Study is placed a semester ahead of h1s counter-
; part who . has taken traditional chemistry, unless the latter performs

'~very well in a spec1al examination.. In Saskatoon where there is no

semester;system,;both groups of students-are~in ‘the same first-year

.chemistry class;' The result is a high dropout and failure rate among
SGrade 12 graduates of the- traditional course. These Canadian records
’»indicate that the CHEM Study graduate 1s better prepared for unlver31ty .

’ chemistry. L

;Professor offChemistry, University of.Saskatchewan, Regina.

.14:’”'
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Originvof;theiThree Revisions -

- The CHEM - Study was perceived as a temporary task force., In OctOQ
ber, 1965, the.Steering Committee.invited publishers to submit proposals .

for revising the textbook,laboratory manual and teacher's gulde to en-

sure that CHEM Study would not become a "new orthodoxy" or a "national AT

curriculum" It was dec1ded ‘that three v1ews would glve "max1mum assurance_‘

 of a variety of revisions in terms of thelr different dlrectlon and levels
of sophistlcation" (Merrill and Rldgway, p 72) '

PrOposals from the applicants were to 1nclude statements concernlngA
the nature of rev1sions contemplated so that there.would be substantlal
changes made (Merrill and Rldgway, D 71) The main crlterla for selec-
tion,were the sc1ent1fic competence wrltlng‘ablllty, and teachlng exper- .
‘ience of the chemlsts and teachers and the standlng and experlence of
the publisher in hlgh school textbook publlcatlon and dlstrlbutlon

, An examination of. the selected authors statements of What they
hoped to’ accomplish is worth examinlng in.relation to their flnlshed
‘ product ) | | : v |
- Lynch vwho was -a co-author of the Houghton Mifflln book empha-
:s1zed their 1ntegratlon of . the laboratory manual within the textbook |
;increase in number of" drlll problems related. to factual 1nformat10n

and lack of any deliberate attempt to re erte all of the. Freeman text-

-Lbook

MacNab who was a co—author of . the Raytheon book stated that
his author team attempted ‘to overcome the "sibllng transfer" dlfficulty

in problem sets that are used from year to year by deve10p1ng new
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,:problems and‘in.ipcreéséd numbef}éo;thaﬁ;they'céﬁidbbe'diﬁided‘inté Séfélj
vto‘be ﬁsed in:éeparate &éars; . He nbtedUthat the Réythe§n book relies
more heaviijvonndiagrams éndvcharés aﬁdiless oﬁ éhotographs,'to:increase
efficiency iﬁlemphasiéing.important;féctbrs.. - |

_Pé:ry,ta éb—aﬁthdr of‘théjrrenticéfﬁall book, states that theirv
Book is a combléﬁé fé-write! whiéh.giyés §ﬁother approach to fhe CHEM |

Study philosophy (CHEMS Newsletter, 1969).




- CHAPTER III

DETAILED COMPARISON OF FREEMAN VERSION WITH THE THREE REVISIONS:

FUNDAMENTAL CONCEPTS IN CHEMISTRY

-Chapterssl to.6:of ‘the Freeman‘version deal with fnndamental:’
concepts in chemistry 1nclud1ng sclentific method atomlc theory,
chemical reactions, the gas phase liqurd and_solld.phases? structure1
'of the atom and the perlodic table o =

| The sequence of" tOpics in this chapter of-the thesis will be
taken from the Freeman text A detalled comparlson will be- made first ii"“
_Tbetween Chapter 1 of the Freeman version: and the parallel treatment =
given to the same body of knowledge in the three‘rev151ons to 1dent1fy
the speciflc differences in theglnformation presented From the labora-'f.
“torv:manuals‘ experiments relevant to: Chapter 1 of Freeman will be exa-»
mined, Then the contrastlnglltems will be llsted in- condensed form in

'-tables. This procedure w111 be followed for each of the chapters from -

- the Freemanuver31on,_

Scientific Method

Chapter 1 of the Freeman version dlscusses the ba51c act1v1t1es
of science"‘observation, organizationvof.information, seeking regularifb
‘ties, finding;explanationsfofkthe‘regularities .and cOmmunicating the

findings.k Variations. in approachiin the four versions occur in their -

~illustration of the. search for regularltles

[17
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The Freeman edition uses a fable about a Chlld lost and feeling '
cold - The child collected some materlals -and started a fire By ob-
~serving ‘the fire, heﬂcould generallze-that cylindrical objects burn.
‘When he observed ginger ale bottles and pieces ofipipezthatﬁwere placed
“on the'fire, he had‘to.discard this rule.i;A.nenttheory:of'burnable'ob;
jects could then .be formed. based.On the;composition‘rather.than the
shape of objects. In:science'tOOv a‘theory-is.retained only ‘as ‘long as
it agrees w1th the known facts or aids in. organiZLng knowledge. The
Raytheon tertbook uses thlS same " fable.;wThe_Prentlce-Hallvver31on uses
a variation of the samelfable,iaboutvMartin;htheﬂMartian, who has landed
on earth,‘is cold,.and.starts'a fire with gloving cylinders left‘from'a'
.fire»built bytearthlings.. Prentlce-Hall empha51zes the prov151onal

nature of scientiflc theorles by reference to the: pre—1962 deflnition of

rare gases - those composed of 1nert atoms.f This. concept was destroyed.

in 1962 by Bartlett s discovery of the. reactiv1ty of - xenon. The Houghton

Mifflin version omits the fable as the authors felt that the students
Were;sen51tive,about belng talked downxto and that ‘the story was. too
naive for grade eleven: age level. (CHEMS Newsletter June' 1969) The
Houghton Mifflin version merely states that through systematlc study of
data, patterns or regularities become apparent whlch w1ll enable the _
-student‘to predict future results,'“

.In the.Prentice-Hall>version-(textbook;fp. 4),Ian excerpt from a
Sherlock Holmes mystery is.quoted,tohindicateuthat keen-powers of obser-
vation, requiring‘concentration alertness to detail, patlence and prac-
tice . are essential to the detectlve ‘.It is advised that.the scientist

must be as observant as a detective.




19
- A variety of models are used to explain the behaviour of gases.v
.These explanatlons are ‘to be found in Chapter l of each textbook Both
‘Freeman and Houghton Mifflln use. the- analogy of a bllllard ball strlking
the cushion of the billiard table and. reboundlng to represent a molecule
fof gas experienclng elastic colllsion. ;PrenticeAHall;uses'”super rubber"
balls in'a.container, whilefRaytheon uses?steel ball bearings shaken in-
ajplastic boar | |
,In-eaplaining uncertainty.in.derived quantities;?all versions
'wexcept Raytheon agree that uncertalnty in.a product or. quotlent 1s the
‘sum of percentage uncertainties of the components._ZIhebRaytheonblabora-g
”tory manual and textbook contradict‘each other.: The laboratory manual
.'deflnes percentage uncertalnty din the samevmay.as'Freeman but the text>
'book states that percentage uncertalnty 1n a product or- quotlent equals
the percentage uncertalnty 1n‘the least certaln‘component used.
In ‘the Freeman ‘Raytheon, and Prentice-Hall verslons, the metric
system den51ty, use of exponential numbers, and dlscu551on of uncer-
tainty are given 1n the laboratory manuals w1th appllcation questions

| -for the student Houghton leflln deals w1th these t0p1cs in Chapter 2

of - the textbook only, since the laboratory experlments are 1ntegrated directly

" into the textbook in thls version

There is considerable. Variety 1n questlons at the end of Chapter 1.
Questlons 1nvFreeman requlre the student to have knowledge of the burnlng
candle. Raytheon.prov1deS‘23 questions involving suchstopics-as-con4

-trolled experiments,'noting regularities gas pressure and Archimedes'

’.Principle, Houghton leflln s 14 questions examine general and Spelelc
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r-use:of scientific.method Prentice—Hall supplies 6. questlons- - -on
gas pressure uncertalnty; and the candle.:v

IhellaboratOry work . for Chapter,l~involves some additiOns in the
Raytheon version and .« reduced number-ofuexperiments in Houghton
Mifflin as compared,with Freeman, .Ihere are:sixuexperiments»in thei
Freeman laboratory manuallthat:are relevant,to-Chapter lbof'the text-
book. In all fourbversions,»theioBServationslof‘a;burnlngrcandle con-~
stitute the first experiment,’ Raytheon does not. give instruction'in i
the use of the Bunsen.burner. S

All versions except Raytheon 1nvestigate‘the behav1our of. solids
on warming. . The technlque in Houghton leflln -and Freeman requlres the
~ use of a tin-can 1id on which the samples are placed for heatlng. ~ The
student must -determine the order of meltlng when a,candle is. placed under
bthe .centre’ .of the 11d and when a Bunsen flame 1svplaced under the centreb
of: the lid. Dr“.Giesinger1 has observedkthat some students Who have com-
pleted univer51ty courses-in-chemlstry:are”unable‘to 1lst the seven SUb;
,bstances in order ofllncreasing meltlng p01nts aftervthey have completed
thls experlment It is too. difficult to observe -‘seven substances at once,

The Prentlce-Hall manual dlrects that each materlal is to be‘held
in the flame in turn w1th tongs, 1nstead of belng placed on a lid The
student must divide the substances into- the. follow1ng three groups'
substances melted by’the candle.flame substances melted by the Bunsen’ y
flame but.not by the candle flame; andjsubstances_melted by’neither of

the two flames. This method exercises the student's skill in making o

lfrom discussion February, 1970 with Dr. G1es1nger Professor of-
Chemistry Methods, Faculty of Educatlon University of Manitoba.’
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-observatlons much less- than the Freeman method does.b The usevofrtongs
' will produce messy results when the molten- wax and sulfur samples fall.
»vinto the candle and into-the[barrel ofvthe-burner."For.these reasons,
thevtin can lid is a better piece of~equipment than'tongs.for this experi-
ment. | | |

Dr. Gie51nger has suggested that the publlshed methods for the-
vexperlment should be rev1sed Thevseyencsamples:could be»d1v1ded'1nto.~
. three groups. Onebgroup-would consist ofasubstances:thatvare‘melted_by'
a:candle‘flame. These‘substances&(wax;and-sulfur);would,be placed,onvn>
the 1lid equidistant from the centre{;the flamefwould:be applfed,'and the
. order of meltfng3could‘be observed;.;Sincetthe melting,point.of wax is '
ilowest,‘it.is not necesSary to heatuthe}Sulfurlbeyond.fts melting point

-and thevquantity.of irritating gas;fsulfur.dioxide,»produced can be’

minimized.p (With the~Freeman.method,rin;thelproceSS ofumelting-tin,‘lead;_

_and silver chloride in‘theyBunsen-flame the sulfur is: burned producingf
enough sulfur dlox1de to. make breathlng dlfflcult) Another group of
samples con51sting of substances that can be melted by- the Bunsen flame

would then be placed on a clean t1n can 11d ‘and tested flrst Wlth the "~

candle flame and then w1th the Bunsen flame SO that thelr order of meltlng'_l

~ could be observed ~The remalning group of samples, whose melting points

-are . hlgher than the temperature of the Bunsen flame should be tested on .

a:clean 1lid by. exposure to the candle flame and Bunsen flame. Only
Prentlce-Hallglncludes 1n;this experiment‘the observation of a coil of

_copper wire lowered into. a candle flame,




| | _v’22‘

An experinent.inARaytheonvexanines.the interaction.between‘f. -
‘aluminum foil and_an aqueons solution of a blue solid (cupric chloride).
In all four versions, one experlment investlgates the melting point of
p—dlchlorobenzene.. chghton Mifflin. prov1des a dlagram of the’ 1abelled
axes. for the graph to be drawn plottlng temperature agalnst time.
Raytheon introduces anvexperlment.that doea not»appear in the other ver- E
sions, reqniring determination of densities of metals.

~In Honghton'Mifflin and Prentice-Hall,;there is an experimentlin
identification of products‘of conbustion Af’; candle.’ Raytheon s experi—
'nent dealing w1th the relation between the apparent ‘mass of an obJect in
V"water and.in air,(a’discovery of Archimedes‘vPrinciple) is not in the
"otherlversions. |

An'experlment:ln.all ver;ions except Raytheon-consists of compari-
son'between energy 1nvolved in: phase change and chemlcalAchange per gram
of wax.. Raytheon 1ncludes only determlnatlon of heat of combustion of
' wax.h Freemanband Prentice—Hall~provide an eXperiment‘that forther'inves-
tigates a burnlng candle u51ng glass tublng and a match :cardboard

aluminum f011 and various wicks. Freeman also uses the copper coil for

the same test as in Prentice-Hall s experlment on the warmlng of SOlldS.




Summary ‘

_Table 1. Comparison of Chapter»l of Freeman Textbook with Corresponding Material in the Thréé.RQVisiohs

e

- Topics treated

e e .

. Hall

‘Martian . -

| ball model

Holmes story

. , : , : - % uncertainty, in Chapter-end .

Version Regularities Gas molecules prods, & quotients - Additional _exercises

Freeman - .- lost child fable 'billiard ba11 from 2 chPOnents-  15 (caﬁdle)
' S - model’ - -~ L R ‘

- “Raytheon  lost chiid‘fablev_ " ball bearings = text contradicts 23 (varied)
L & L S & model ¢ lab. manual ‘ ’
Houghton no fable billiard ball from 2 components . ‘lab, work all 14 (varied)
“Mifflin B model ‘ : s ' in textbook , o
 Prentice- ‘»Mértin, the ~ superfrubbef ;'v' from 2 cbmponenté ~ Sherlock 6 (varied)

€z
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Table 2, Comparison of Experiments in the Four Versions, Relevant to.Chapterll of ' Freeman Textbook

T

- - - —— - ———————————
‘Subject ' o EE NI .+ Experiment Number c ’
of - S T e T T ' i M ) N : —
experiment SRR Freeman Raytheon B .M 1 ~ p-H,2
Burning candle 13 1 1 1
Warming of solids 2 S 2 2
- p-dichlorobenzene . : 3 12 3 3
Candle, combustion prods., K o 4 s-1
Phase change vs, chem. change 5 25 (chem) 5 9
- Tests on burning candle ~ba o §-2
_Interaction '~ i 2
‘Density of metal 3
4

‘Buoyancy of fluids

lam, représents Houghton Mifflin,
“ 2P—H. represents Prenticé-HallQ'

vBEach entry in the body of the table ideﬁtifies the experiment as numbered in the laboratofy manual,

T
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- The Atomic Theory

In Chapter 2 of thevFreemen-version, the atomic theory1 accounts
for the'hressureevolume relationships and other characteristics of gases,
Therevis explanetion of thercombinatiou of etoms'to form molecules,ieach'
type.of gaseous molecular substenCe“heving_its own density at a giveh:
temperature and pressure. lData on the combining‘volumes of ammohia and
.hydrogen'chloride gases are.used'to lntroduce Auogadro's Hypothesis;
which leads.to the‘concept of relativeiweights'of molecules. -Data on
‘combiuiug'volumes of gases_(such as two volumes of'hydrogen and one
volume of ongeu yield two volumes of water vapour) ere usedAto predict
the foruulae»ofvreectant molecules. ‘Intermolecular distances in the
three different ohases of e<given'compouhd are"compared. .Terms such
‘as element .compouud chemicaliformula moler etomic ueight -and mole;'
cular weight are glven definltrons whlch are‘reinforced w1th examples.
kComparison of the four verelons reveals that: Freeman and Houghtou
Mifflln have a dlfferent oeflnltion of "molecular welght" ‘than Prentlcee
: Hall has.: The Raytheon version av01ds the term by introdu01ng‘another‘

term,‘ 'molar mass"."The Freeman version (textbook,»p. 33) states that -

‘the "molecular ueight ofva compound 1is the weight in grams of Avogadro's

; number of molecules" ‘ Houghton Mifflin (textbook p. 57) states that it

‘is "the weight in grams of a mole (an Avogadro s number of- molecules) of’

the substance"

1"Atomi'c‘theory" is used in the sense of "particle theory" to ex-
- plain the physical properties of gases. The correct name for the
. Freeman ''Proposal" (textbook, p. 28) is "kinetic-molecular theory".
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fPrentice-Hall'(tethook;'p. 43) identifies molecular weight of 'a sub-

stance as the "relative mass of a molechle'of the substance expressed -
on‘a scalebon_which the oxygen molecule,is assigned a value of'32.00 amﬁ".
The atomic mass~unit‘is-calculated in a footnote to be 1.66X16‘24g (text-
book, p.134); This unit.does‘not‘appear ih the other threevwersions.

‘Raytheon (textbook, p. 33) Statesdthatv"mOIar mass of an element or of ‘a i

i

-compound ‘in the molecular state is the mass of N molecules".

There is dlsagreement between the textbooks in the 1nterpretat10n :
of "atomic welght" for which Raytheon substltutes "molar mass of an
element in the atomic state". Prent1ce-Ha11 (p. 43) glves atomlc weight
of an‘atom as "relative mass.of that atom expressed on' a scale in which
_an oxygen'atomvis assigned a value'of‘lﬁ;OQ”.vﬂOne‘mole of atoms "has a’
.mass equal to;theiatoﬁic weight of theﬁelemeht expressed in grams._‘For o
oxygeh the atoﬁic‘weight’isfl6;00.p30hehmole;of'oxygeh atomshhas-a mass
of 16.005". | R
B vh Prentlce-Hall 1s the only version that dlscasses the new atomlc
_welght standard that was accepted in 1961 Until 1961 physicists and
: chemists had separate atomic weight scales., Largely through the efforts -
of Edward chhers (Prentlce Hall textbook pP. 45), the new scale of -

) atomic weights based on the carbon—12 standard ass1gned a value of.
12. 000000 ‘was accepted in 1961

Prentlce-Hall (textbook pp.32 33) emphasizes the arbitrary weight

.standard a831gned to molecules.. For example 002 might have been glven a

"weight- of 1 or of 22, but was taken as 44 so that the lightest atom the

o hydrogen atom, has a weight of 1 0
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The concept éf molar volume of gases is developed for oxygen at
STP in Houghton Mifflin (textbook, p. 59), and for four different gases
including oxygen at STP, in Prentice-Hall (textbook, p. 35).
| To illustrate Boyle's Law, Prentice-Hall (textbook, pp. 22-24)
uses a direct method. More and more bricks are supported on the plunger
of a vertically-held syringe, compressing the gas in the cylinder of the
plastic syringe. In Table 2-2, where the data are recorded, the products,
pfessure x volume, from the experimental values are not identical numeri-
cal values, but their range is within the limits of acceptable error.
Houghton Mifflin (p. 45) uses Boyle's J-tube to demonstrate the same law
and the products given in Table 3-1 for PXV are not identical numerical
values here either although there is agreement within the limits of
acceptable error. Freeman (fextbook, p- 19) and Raytheon (textbook, pp.
21-22) show all their PV products as being identical numerical values
for a given sample of gas. It is worthwhile to consider which presenta-
tion is preferable for the purpose of giQing the student some realistic
concept of the type of data he should be producing in his experiments.
The question of influence on integrity.of character of the student may
éven be involved, in a subtle way.

In Chapter 2, Prentice-Hall gives the rules for naming binary
compounds aﬁd also introduces the prefix system for naming two or more
compounds of the same two elements._ Freeman and Raytheon give the pre-
fix system but no rules for naming binary compounds. In the Houghton
Mifflin version, the general rules for writing formulas without using
oxidation nﬁmbers are in Chapter 4. Here also are the rules for balancing

equations, with three ways of interpfeting equations.
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In Chapter 3 Houghton Mifflin 1ntroduces partial pressure and
Charles' Law, which appear 1n a later chapter in the other textbooks.
Houghton leflln (p. 42) introduces a pressure unit called the Torr
(for Torricelli)'which does. not appear in the other_three versions
‘(l,Iorr = 1/760 atmosPhere) o .

At the end of Chapter 2, Freeman has 31 questions and problems.
Raytheon has 42 i- of which ‘27 are from Freeman (or 647) and 15 dlffer.‘v
‘ rHoughton leflln Chapter 4 has 48 questions and problems of which 14

lare from Freeman (or 29% of the total) Prentice-Hall Chapter 2, ends

' with 26 questions and problems of which 19 (or 66/) are from Freeman. t,
The numbers of questions repeated from Freeman in the revisions
. are given in Appendix B for the beneflt of teachers who are using Freeman
»asvtheir-main-textbook‘and the threehrevisions as sources of additional
problems'for students.b To save time and energy when choosing a varletv
of.problems for students to solve. teachers can mark the letter F in a
given revision be51de each problem or - question that also- appears in: the
. Freeman textbook In this thesis rthe percentagevof chapter—end questions:‘
copied from Freeman are con31stent1y‘g1ven Just preceding the summary-‘
table of laboratory work relevant to a chapter‘in the Freeman textbooh

In the laboratory Work, PrenticefHall s experiment on behaviour
Aof gases is mnot in the other three versions. UIn:this experimentb iden- -
tical books are stacked on the plunger of a syringe that has its needle-
.end sealed off by 'a rubber stopper. The syringe is supported in a_ver-
Ztical position bv’a clamp;- Qualitative observations'can be made'of_the |
compressibility of the gases and a quantitative relationship between gas

_pressure and gas volume can be determined, -




;Thehproeedure for detefmining'welghts of eqpal VOlumesvof'gases-inVOlves
finding the weight of oxygen‘in a plasticvhag, then:the-weightvof oarbon
dioxide that the same bag:would hold;v.The volume of the bag is_determined

_ so-that'cotreCtlondmay be made for the buoyancy of air, |

Thevbehav1our of solid copper in an aqueous solutlon of silver.
nltrate is examlnedvln all.four vers1ons,' For the Houghton Mifflin and

Freeman prooedures, thevreaotion_vessel is a beaker whereas in the other,

“_two vefsionshit is a test-tube. If the beaker method is used, the
copper mlre‘must be left'ln'the solutionﬂovernight rather'than approxi-

dmately thirty minutes.v In Houghton leflin 5 ml dilute AgNO3(aq) is:
added to the separated 31lver crystals to ensure.that all copper has

_ reacted.' In Prentlce-Hall,'the silver crystals ate'collected and dried
.in a filtef'napet oone'but‘in the other three>verslons they‘are(dried in

" a beaker, | | ' kN

The three rev131ons have added.a fem.addltlonal experiments.d

-Raytheon has an experlment 1nvolving reactlon between ironm and cooper
'sulphate solution to determine thedratio‘moles_ot iron:d moles of copper - for
thefreaction." B B -

" In HoughtonfMiftlin there:is‘a'study:of‘theVdecomnositlon of sugar
hy heat“ Prentlce Hall provides dlrectlon for constructlon of. models of
methane—related molecules and modelsbof elements and compounds from styro-
foamvballs and pipe-cleaners to 1llustrate the. balanc1ng of equatlons.

Also, sPheres are welghed to study relatlve atomic, and molecular weights.




- Summary -

’Téble'3. Comparison of Chapter 2 of Freeman Textbook with Correspoﬁding Material in thevThree Revisionsv

Topics>treated

, o Molecular wt, PV products, ‘ » - c Chapter-end )

~ Version represents S . .gag sample *~ .. : - Naming . - Additional _exercises
o Freeman I | moleV‘ BRI  vi§entica1 P 3 prefix B 31

Raytheon substitute moiar', B identical C prefix S o 42 (64% from
’ ' mass e AR ‘ : Freeman)

Houghton 1 mole S ... agreement, - (formula ~molar volumes; = 48 in Ch. 4
"Mifflin S C ' not identical "~ rules)  new unit, the (297% from Freeman)
' Prentice-. 1 molecule B K""agreemehﬁ;iﬁ 7 ﬁ . binary . C-12 standard; 28.(66% from

Hall L BT R - not identical .. cpds, - atomic mass -~ Freeman)

S o : L -y <+ prefix - ' unit; molar '
o : ‘volume

0¢




- Table 4,' Comparison of Expériments in the Four Véféions, Relevant to Chaptér 2 of Freeman Textbook

1 . _ ‘ - v

Subjeet = R o R 1 Experlment Number ™
of : o . = : , BT : ,
experiment : : Freeman - : Raytheon : . H.M. L P-H.

Weights of equal volumes

of gases : . 6 5 6 . 5
Mole ratio for reaction . ‘ B o S : ‘ A
‘ + A _ I S SORRE ‘ : . Co B
Cu( ) gNO 3(aq) O 7n RRE 7 | ’ 11 v 7
Boyle's Law . (books syrlnge)' B 4
Mole ‘ratio for reactlon v o : S .
F + CuSO ST B , 6
Feqgy + Cu 4(aq) S SR .
Decompqsxtlon of sugar - . ”A R S R 8
© Molecular models L e b f. e

1 . . . .
The numbers by which an experlment is 1dent1f1ed in the respectlve 1aboratory manuals are glven in
order that experiments may be readlly located in the manuals.

1€
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" Chemical Reactions

InvChapter 3 of Freeman, ;chemioal reaction is exemplified by the
combustion of hydrogen to form water and by the decomp031t10n”of water
to hydrogen and oxygen. The writing and‘balanclng of chemlcal;equatlons
is explained,lemphas1z1ngAthat:mass;rin the form of atomsv is conserred
inhreactions.: Calculatlons based on chemlcal equatlons are presented
.Chapter 3 of Freeman corresponds w1th Chapter 3 1nkPrentice Hall and
‘rRaytheon and with parts of Chapter 4'1n Houghton leflln. |

| : Prentide-Halli(tentbook p 62) 1dent1f1es chemlcal change by
stating that the "...breaklng of chem1cal bonds and format1on of new-

bonds is the deflnlng characterlstlc of a chemlcal process" rSuch

fchanges in bonds are also ment1oned by the Raytheon and Freeman versions.
Houghton lefllnbls the only version with no.mentlon of the terms
exothermic reactlon,,endothermlc,reactlon,,and»heat of formation.ofv
,'water-at thisAstagefin'the:oourse;“fHomeuer questlon 23 at the end of
Chapter 4 1nvolves manlpulatlon of the heat factor 1n an . endothermlc re-
' action," o o
'ln Freeman’shChapter‘3,,there is:avvery briefksectionfon:calcula-
. tionsvbased on‘chemicalnreactlons, wlth,two,samplesnillustrated.
Raytheon also illustrateS‘two sueh'examples.usingtthe'same type of for- ~
mat, but with a more:structuredlsolution;u;Houghton;Mifflin does not’
show a solution method for problems based on equatlons although some

" are assigned at the end of Chapter &, . Prentice-Hall uses the simple

unit analys1s method and works out four of these problems (textbook

pp. 59-60) . ‘Prentice-Hall also uses thls method - (textbook pp; 51,53)




for problems.onvconversion~of'a number of.molecules'to_moles, conver-
ston of a weight of hydrogen gas to moles and molecules, and conversion
- of .2 volume of chlorine gas to moles:of chlorine. Examples are shown

" below to indicate the difference between the Freeman and Prentice-Hall

lsolution methods.f_‘

In sectlon 3- 2 3 (Freeman textbook p. 44) there is a problem - -

to determlne the number of moles of water produced when 68 grams of

- ammonia is burned,-ln the reactlon

NE. + 30, —— o+ 3 HD
2Ny + 30 —— Ny + 3K
One mole of ammonia weighs 17 grams;

68 grams
17 grams/molev

4,0 moles of -ammonia. =

 (From the chemical equation: ). .
2 moles . of -ammonia produce three. moles of water
so 4 moles of ammonia produce six moles of- WaterA

 We see that 68" grams (4 moles) of ammonla produce 51x moles of
‘water.- : : :

In- problem 2a (Prentlce-Hall textbook, p. 59) the balanced
equation is - . ;

.4NH3 + 50, ———>4No i 6H0

o

How many»moles.of oxygen are requireduto:burh 68 g of ammonia?

'Flrst we might ask° How many'moleshof,ammonia are found in .

68 g of NH4 ?.
68 g NH3 L 68 g NH3-:X :l.mole NH3s’
17 g NHy . 17 g NHg
mole NH, ‘ » s TR o
' %grmoles NH3'F=‘T4.Otmoles NH,4 ;
5 5

v 'The balanced equation now tells us that 5, 0 moles 02 will be-
. needed to burn 68 g of ammonia, : :
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‘At the end of Chapter 3 Freeman has 19 questlons and problems,-

Raytheon provides 31 of which 23 are from Chapters 3 and 13 of Freeman.
' The questions for Chapter 4 of Houghton Mifflin have ‘been dlscussed in
Table 3 of this the51s., Prentice Hall supplies 24 Huestions and problems
-at the end of Chapter 3, 16 of which are from Freeman.:_

The laboratory work in all four versions contains.an experiment on

conservation of mass, in which the total weight of AgNO3'and.Na01 reac- . L

tants is compared w1th ‘the total weight of the products of the reactlon.’:‘
Freeman and Prentice Hall have a supplementary experiment on conservation‘
of mass, involv1ng the reaction between lead (ID) nitrate and pota551um‘
chromatef‘ |
| analeversions,tthere is*an experiment to determine the formula
of a hydrate by heating it to drive'off ail the waterv The weight of
}yone mole of the anhydrous salt is . given by the teacher. Raytheon (labora-
tory manual, PP- 27 28) shows a 51mple desiccator - for coollng the
anhydrous salt - cons1st1ng of a large jar contalnlng the drylng agent
iand a ciay;triangle‘withvthe three w1re_exten510ns bent .to form legs so
that the crucible can he‘secureiy supported in the,jar on the triangle,
iThe jar is seaied with allidvv.This arrangement is an.effective improvisa-;'

tion,




Summary

Table 5, Comparison of Chapter 3 of Freeman TéxtbookAwiﬁh Corresponding_Material in the Thtee;Révisibns'

. . _ B S _ i — ‘ . . '
N e Topics treated : I '

o " e , R = _Chapter-end
Version Chemical reaction oL o Calculatipns re equations ‘ exercises

Freeman bonds break + form - ; SR | " bfief prQb1em method - "v 19
Raytheon . bonds break + form - . ‘ SthCtured'prOblém method 31 (74% from

, . = C ' S o : ' : " Freeman)
‘H6ughton_ no mention of bonds , o F;" ho'problem method; : ";‘ - : ‘See Table 3,:£hié:~:
Mifflin = . = : : T o ~ AT " thesis BRI
Prentice- ,bohdsvbfeak + form -'  _'; ;u B simplé unit analysis method o 24 (67% from
Hall S R PR R P R ‘ TR Freeman)

€




‘Table 6. Comparison of;Experiments in the‘Four Versions, Re1evdnt to Chapter 3 of Freeman Textbook

"Sub ject B o o L . L . Experiment Number
~of o el - o ey e _ TR » \ ’
_experiment . ‘ : Freeman - __Raytheon _H.M., _P-H,

Conservation of mass = 8 g :f‘ 1 o ‘ 8 .
(AgNO3 + NaCl —>.,.) ‘ o '

' Conservation of mass - :  8a L - _ , ’ j ’ ‘ ' | 5-3
(Pb(NO3) o + KpCro,—..) | L |

Formula of a hydrate = - _ . 8b 9 , : 8-1 » . s-4

9¢
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' The Gas Phase: - Kinetie¢ Theory

Chapter‘4 of‘the Freeman tentbook‘examines properties of»gases
that are the basis for'development.of the kinetic molecular theory.-
The pressure-volume behav1our suggests that gases con81st of particles.
' Differences in solubility, colour, odour, and den31ty show that par-
ticles of one gas differ from particles of another gas. Determination
of molecular welght and molecular formula of a‘gas are possible through
application of Avogadro s Hypothe31s.' Real gases approximate per fect
gas behav1our.to three151gnif1cant figures at standard»temperature_ and
pressure (Freeman textbook p. 61) The absolute temperature scale is
_introduced in Chapter 4 and its relationshlp to the kinetic energy ofv
'molecules is descrlbed |

» The Freeman,ﬁRaytheon and Prentice-Hall versions record the
Amolar volume of a. molecular species in each of the three states of
matter,_ Prentice Hall (textbook, p. 68) p01nts out, "If we assume
that the size of a molecule 1tse1f does not change s1gn1f1cantly vee
~ free space between gaseous molecules must be about 650 times larger o
than the space between the liquid moleculesﬁ.: This deduction is based
on comparison of molarvuolume‘ofbgaseous nitrogen (22.4 litres at‘STP)
and liquid nitrogen (34,6 ml at'approximately -210°c.). Molar volumes
of four different gases at;25QC..and:l:atmosphere»pressure-are.deter-
mined from experimental data in Freeman (p. Sl) and Prentlce—Hall (p. 71),

Houghton leflln continues to express gas pressure in Torr.

IOne Torr 1s the pressure exerted by a column. of pure mercury one‘mllll-

metre high at 0 C at sea level and 450 latltude (Houghton leflln
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textbooh,'p. 42)-) To‘eipressvpressures_of much less.than one:atmosphere?
- the Torr is a much more conyenient unit‘thanithe atmosphere. The Torr
is hlso a less confusing presSure unit‘then the millimetre of mercury
since thevmillimetre is a unit of length..-However;iTorr is used only
in the Houghton Mifflin version. |

' To expleinvpartial pressure of a gas, allvtourhversions have
similar illustrative approaches'to the extent that one vessel or com-
partment”conteinsugas l;vanother vessel‘or’compartment contains'gas 2,
and the two samples‘ere combined to»form a'gas mixture. In Houghton N
Mifflin (p. 58) and Freeman (p. 55), the volume of the gas mixture is
equal to the volume of the gas 1 sample which is equal to. the volume
of the gas 2 sample, all measured_et the‘same-temperature. Thus,‘the
totallpreSSUre exerted hyvthe minture will be_the sum of:therpressures
in the two original samples. The pertial pressure of each gesiis the
pressure that it would exert if‘it alone-occupied the container.

Illustratlons of the partlal pressure concept in Raytheon (p. 56) and

" Prentice-Hall (p. 78) show the volume of the gas mixture to be the sum .

,of the orlglnal volumes of the gas 1 sample and the gas 2 sample. Since
the original samples were both at»the‘same.temperature and pressure, the
gas.mixture will heve the.Same'total_pressure as,eech component gas had
- separately before mixing., .Thehpartial pressuremdue to’a given component
gas within the mixtureiwill he.less than the,pressure that was exerted
by thst component éas‘in the smaller. volume occupied before mixing
occurred.,.The partial pressurelof.each component gas in the mixture
can bevdetermined by substitution into:Boyle's'Law which states that

g the produce of pressure times volume is constant for a given sample of:

1
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gas (Prentice-Hall, p. 78). Both of these types of partial pressure
‘interpretations should be understood by the student sincelthe volﬁme
occupied by a component gas may or may not change when the gas enters
into a mixture.

Specific values of molecular‘speed are supplied by all versions
except Houghton Mifflin. Freeman states that at room temperature, the
average speed of nitrogen molecules is %-mile per second. Raytheon
(textbook, pp. 63-65) describes a fotating disc experiment to measure
velocity of tin molecules and provides a table (p. 65) indicating
average velocities of five different types of molecules in thé gaseous
state along with escape velocity from earth's gravitational field and
velocity of a jet airplane, for comparison.

In Freeman gnd Prentice-Hall, prdperties of matter at tempera-
tures near 0°K are discussed, such as sﬁperconductivity of some metals.
It is stated that if helium is subjected to reduced pressure it will
boil at a teﬁperature lower than its normal 4°K boiling point, providing

a means of reaching temperatures near 1°K.

Freeman (textbook, p. 59) and Prentice-Hall (textbook, pp. 87-88)
use the kinetic theory to prove Avogadro's Hypothesis. Prentice-Hall
develops the ideal gas law, PV = nRT, from Boyle's Law (pp. 82-84) and
also ffom the kinetic theory. The other three versions do not mention

. the ideal gas law.

At the end of Chapter 4, Freeman provides 28 questions and prob-
‘lems to test student knowledge of the gas phase. Raytheon lists 31

exercises, of -which 30 are from Chapters 4 and 1340f Freeman. Chapter 3
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of Houghton Mifflin supplies 21 questions, of which" 9 are from Chapter

4 _of Freeman and 24 problems, 11 of. which are from Freeman. Prentice-
Hall provides 27 questions and problems at the end of Chapter 4, 23 of
which are from Freeman.

vThe laboratory Worh in all four versions contains an experiment
tokdetermine the molar'volume of hydrogen'gas. kThis determination is
based on the reaction of-a‘knonn maSSfOf magnesium_with excess hydro-
chloric-acid; .The“volumebof hydrogen produced at the’knovnvtempera-
ture and pressure iS‘recorded. Given the fact that 1 mole of Mg reacts'
to produce '1 mole of HZ’ the student can determine the molar volume of
dry hydrogen at room conditions. :

- Raytheon providesgan ekperiment to determine the temperature-
volume relationship‘for gaSes~(Char1esf law) uéing a capillary‘tube
containingbalr trapped by a plug of mercury The temperature'of the>
- trapped air is regulated by .a water bath | The length of the air column.
(representing'the volume'of air) is recorded for each temperature that
is uniformly establlshed throughout the water bath. ‘A line graph.can
be constructed w1th temperature plotted against‘volume of gas. kBy ‘
extrapolatlon the temperature corresponding With zero volume of air
can be determined and the temperaturefvolume relationship can then be

. expressed mathematically.




B Summary
Table 7. Compaiison‘of Chapter 4 of Freeman Textbook with'Cdrreépohding’Material”in the Three ReVisidﬁSy;“‘,

- Topics treated : . SRR L : e

‘ o ' LT SRR L ; Do R Chapter-end.”
"Version Molar volumes ~ . - Partial pressure _ Additional exexcises
Freeman‘: : N2'(3bstétes),,f " Constant vpiume properties near 0°K - .28
‘ 4 different gases : o molecular velocity, Np
: R s Avog, Hypoth. proof
ﬂ‘Raytheon v NHj (3 states) vol. of gas mixture>  molecular vel., 5 gases ~ 31 (97% from
' S vol. of component - . - molecular vel., measurement Freeman)
before mixing ' : : ' Co
Hoﬁghton‘_ . R , S 'Qcohstant volume - Torr | o o , : 21 (43% from
Mifflin ' ‘ e : ' : Freeman)
‘Pfentice- - No (3vstates)" o ,:vbl; of mixture> "pf0pérties near_OoK; 27 (85% from
Hall 4 different gases = vol. of component molecular vel., Np - . Freeman)

- before mixing - - PV.=nRL.~ . .
o ’ Avog. Hyppth.' proof

5




Table 8. Comparison of EXperimehts.in:thé Four Versions;'Rélevant to Chapter 4 of the Freeman'Textbook

-

—

et e r——————————————————————
B ]

-Subject Experiment Number

.of o _ e S a2 B :

exper iment Freeman - Raytheon H.M, P-H,
Molar volume of Hy 9 -1l 7 - 10.
iCharles' Law 10

o
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,LiquidS'and Solids: Condensed Phases of Matter

Chapter 5 in the Freeman version.is‘a‘studp of the t&pes‘of '
.liqulds-and~solids known to man- Mbre than nlnety-nlne percent of
compounds prepared by chemlsts are 11qu1ds and sollds. Chapter 5
‘of Freeman examines the propertleSpof_purersubstances and.of solu-
tions and then describes thehelectricaliproperties of the condensed
phaseso

The presentations‘of these»topics'in theithree textbook revi-
fsions contaln little variation from the facts grnen in Freeman;‘ Hoth‘»?
ever, in two of the rev151ons; as the‘next few pages w1ll show there
is a greaterueffort to make the new concepts:meanlngful to the hlgh
vschool student by deliberately. 1ntegrat1ng them w1th his. prev1ously ac-
quired knowledge of chemlstry.‘ It.seems reasonable to conclude that-
this integration Will facilitate comprehension;and retention:of the
conceptsgb | | | o | |

The.descriptions of‘phaseichange from'gas.to liquid illustrate
‘ the two types of presentation;.;Freenan‘(texthook} p.v66) simply‘ |
>states; hﬁhen—water;vapour condenses{to llquid'nater,.the‘nolecules
v.release theaenergyvit took to»separatehthen?;f'Ihe ouantity of heat

energy released is glven as 10 kecal per mole.v'Prentice;Hall also
»Vuses this approach but Houghton leflln does not deal w1th the topic..
Raytheon (textbook p. 71) clearly describes the phase change from
.gas - to 11qu1d in molecular terms as follows.<
' The average kinetic energy of gas molecules is largehenough

~to overcome the attractive forces between molecules. As the -
temperature is lowered, the kinetic energy of the gas molecules
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decreases, Eventually the attractive forces between the molecules
become important relative to the kinetic energy of the molecules.
- The gas condenses to a liquid.
In describing the molecular behaviour associated with boiling,
Raytheon (p. 76)'states that. the energy to vaporize a 1iquid at its

boiling point is being used to overcome attractive forces in the liquid,

forcing the molecules far apart. The molecules of vapour store poten-.

‘tial energy by belng far- apart while still maintaining the same tempera—

ture and therefore the. same kinetic energy as the b0111ng liquld The
other three versions do not 1nterpret the phenomenon of heat of vapori-
zation on a microscopic (molecular) scale; : .

The influence eserted on napour pressure of‘a"liquid by the
presence of 'inert" gases mixed with the vapour in the liquid-vapour
equilibrium is described by Prentice Hall- (textbook P 102) in the g
following way.‘ETh -"inert" gas molecules (which are. molecules that do
‘not react orrcondense in the systeuo block equally,‘by collision the
‘.44molecules that are returning to  the llquld state and molecules escaplng

,from the 11quid state, Thus the " 1nert" molecules slon down the rate
of evaporation and condensatlon but they do not alter the partial pres-
 sure of the vapourv(vapour pressure) In contrast -Houghton leflln
(textbook, p. 330), ‘and. Freeman (p. 67) g1ve the same type of account
‘as Raytheon (p. 78). which says, "The vapour pressure of a liquid is the
.same whether or not other gases are present, It is'a pr0perty.of the -
1iqu1d " This is a more.authoritarlan'approach, with no account being
given of the effect produced‘by the finert" gases.,

Raytheon (p.’78) and Prentice-Hall (p. 101) both account, in
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’ vmolecular'terms; for the increase in vapour pressure of a liquid as
temperature increases. They state that increase in temperature of the

liquid is associated with increase in average kinetic energy of mole-

cules, which enables & larger number of molecules to overcome the forces

of attraction in the liquid and escape into the vapour. Thus, vapour
pressure will increase with temperature. Freeman and Houghton Mifflin

simply make the authoritarian'Statement that vapour pressure of every

liquid increases as temperature is raised, and give a few measurements

to iilustraté thevfac£.

‘vPréntice?qul (p. 101)’é#plains diffefeﬁces in vapour pressure
iﬁ terms of attfactions. "Consider twé liqﬁids which are both at thé
.same,température. The liéuid which has the stronger.ihtermolécular

forces will have the.lowersvapbur pressure, Prentice—Halll(p. 109) ac-

counts in a similar way for the vapour pressure of salt solution being

lower and therefore the bdiling point of the salt solution being higher

than for,pure‘water, béca@se thé wgter ﬁo1e§ulés are :estfiéted in
.motion,by thei; attfaction.for the diéédivé&lé;lt.' Additional heat’ ‘ 
‘enefgyvis.required’to o&efﬁﬁﬁeﬁthis attfﬁétidﬁ.f”Théfdﬁhégﬂfhrgﬁ;Vef—»
sions (Réytﬁeon, Freemaﬁ,f#ndlﬂoughtop’Mifflin) giveEﬁo ékﬁiénatioﬂ éf
the,differenceé'ih ?EPSQrtpressu;é f§rvdgfferéﬁt substances at the saﬁe
ﬁemperéture.‘ | A |

‘  Réytheon (é._73) is théyoniy version fhat gives a description
of melting in tefms_of moleculér-beha#iour.‘ Raytheoﬁ (pp. 85-86) ex-
vplains‘the'continuing decrease in tgmperature;bwhile freezing continues

in a salt solution, as resulting from the fact that the frozen product
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,being formed contains no'solute. Houghton Mifflin (p. 241) is the. only
vers1on to quantitatively represent the extent that free21ng point is
-'depressed by dissolved solutes.

Prentice Hall (p. 103) is the only version which describes the
pressure ins1de vapour bubbles in a b0111ng liquid as be1ng slightly
,'higher than the atmospheric pressure.‘ This excess is associated with
the bubbles growth and.rise to:the surface.

Prentice Hall (p. 96) 1dent1f1es 1deal behav1our of a gas as .d

being. pos31ble only in the absence of 1ntermolecular force. Gases
with relatively low molar volume compared w1th 22.414 litres .at STP, w1ll
dev1ate most from’ 1dea1 behaviour, since 1ntermolecular attraction will
lbe greater and- therefore.tendency ‘to llquefy will be greater,

At the ‘end  of Chapter 5, Freeman prov1des 32 questlons and prob—
lems on condensed phases.~ Raytheon Chapter 5, ‘gives 30 questlons 10
--of which are from Freeman and Chapter 6: ends with 38 questions, 18 ofv
which are from Fréeman. Houghton Mifflin has corresponding problems
‘ scattered among its Chapters 5,10, 14 and 15 Prentice-Hall suppliesh
23 questions of which 17 are from Freeman.

The laboratory work in all four'versions contains an experiment
investigatlng a prec1p1tat10n reaction between.sodium iodlde solution
'and lead (II) nitrate solution both 0 5 molar.v From the weights of
- prec1p1tate produced when these.reactants.are mixed in various,propor—
tions by volume, the student can determine the formula of.the precipitate.

Each version contains‘an experiment consisting of seweral ionic
reactions requiringlthe studentpto distinguish.between reacting speciesv

and spectators, so that net-ionic equations can be written,
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Raytheon urovidesdthree additione15experiments. These 1nclude
a determination of the molar heat of fusion of 1ce, determination of
the depress1on of freezing point caused by 0.0025 mole of solute in 5
'_grams of acetamlde and a qualltatlve study of energy of crystalllzatlon
of sodium thiosulfate pentahydrate.' The student is'directed-to devise a
procedure for measurlng the heat released when crystallization occurs.
Another-experlment, provided berrenticefHall,‘examines.the
‘effect of_pressuredouvthe uolume'of solids and liquids and measures’solu-‘

bility of carbon dioxide'gas in weter; using a syringe method.




- Summary '

Hall

molar. volume

Table 9, Comparison of Chapter 5 of Freeman Tekfbook with Cbrresponding Material in the Three Revis;onsf
_Topics treated -
R R : T : Chapter-end_
Version Vapour pressure. Additional _exercises
- Freéeman authoritarian preeentation 32
Raytheon in molecular terms P.E. and K.E, model' Ch. 53 30(33% from
: ' freezing of salt solutions' Freeman) - :
molecular interpretation of
condensation, vaporization Ch. 6: 38(71% from
- and melting Freeman) : '
.Houghton' authoritarian p:esentatione : solute lowers freezing point scattered in H.M,
Mifflin B : B I . (quantitative) Chs., 5, 10, 14, 15
Prentice- in molecular terme 'boiling vapour pressure> atm, p.; . Ch.. 5:23(74% from
Sy ' " least ideal gas has lowest .Freeman)

gy




Table 10, Comparison of Expérimenté'in'the Four Versions, Relevant to Chapter 5 of the Freeman Textbook _
‘==========================;============ ‘v A :; — =========;;=============;===============
Subject R S e S S L ‘Experiment Number ‘
of _ LRl Nt DT R KO RN S :
experiment ’ Freeman __Raytheon . H.M. ' P-H.

. PrecipitéﬁiCn reacﬁion, 10 ;»;V‘r516 : 7', j\S~2,:‘;_~' o | 12
NaI + Pb(N03)2 : ‘ R : I . R . : : :

lylonic’reaétions S : 'lllfH ‘} ‘  A  ;,17 | B | ,-é—3 o 15
‘5Heat §f.fﬁsion of ice ' v_" B :v 'T  el f 13 . | |

iEnérgy bf crystallizatioﬁ ',  - EE - _ 14' '
;:'Effect of_Solu:é'dﬁ freeziﬁé péint::l._ >l'  ‘v  > 15”

Compressibility and solubility . . . Ll L T 1

6% .
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. Structure of the Atom and the Periodic Table

Thedperiodicktable is-identified as the "most imnortant single
correlation'of ehemistry" (Freeman“tethook P. 104)' Chapter 6 in
Freeman begins with a study of atomic structure ‘which prov1des the
explanation for similarity in chemical propertiesvof elements, and
thus, for therdesign‘of the periodic tahle;:

Houghton Mifflln and Raytheon provide the most thorough histori-
gcal accounts of ‘the periodic table.. Raytheon (p. 109) states that
Mendeleev arranged the elements known in 1871 in the order of 1ncreasing
molar,mass._ An element was placed in the same vertical column as other
elementsgthat have similar ehemical and:physical'properties. ’Gaps.which
i.appeared in this:arrangement motirated.Mendeleev to-prediet the.existence'

and propertles of elements w1th molar: mass'nearithe values 44 68 and 72

grams; These elements were dlscorered‘after 1876 and were found to have

molar.masses of 43.7 69;4 nand.7l.9'gramerespectively Raytheon (p. 104)
lists several of Méndeleev s predlctions in Table 7-3 beside the ob~

- served pr0pert1es'of the-three elements. |

v The grouping of elements into familles is Justifled in Prentice~

. Hall (textbook, pp. 165 168) from the vantage p01nt of modern knowledge.
.First~ion1zation energies show a cyclic'pattern when plotted against
atomic number on algraph.- The'contrast,between’firSt and second ioniaa-'
tion energies is examinedfin order to show family likenesses of the-

-alkali'elements.;‘The element°having‘the highest ionization energy"in a

_cycle is a noble’gas.f HoughtondMifflin (pp. 115-116) gives a clear
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" summary of trends presentlin»the neriodic-table.. Acrossﬂeach‘row,-theré“”"
is a range from metallic elements on the left to‘non-metallic elements;
on the right, Eleven elements, at the right and_npperfrightlside, are
gases at standard conditions. Mercury and- bromine are the only elements
in the 11qu1d state at standard conditions.

The model of the atom has been rev1sed slightly in two of the
.vrevisions and omittedtin the other. Freemanv(pr 88)'represents the
whole atom as being the.size of Yankee»stadinm.~»lf'this wereiabhydros‘
'hgen atom, the nucleus (1 proton>~would-hedthe size of a flea at the
centre of the stadium and the eiectron would wander through'all‘the
brest of the stadium. uThis.wouid have been avbetterbmodel if the elec;
~tron had been[represented‘macroscopiCally,'aiong with the other struc-
tures. Houghton Mifflin snbstitutesﬁan-ant for the flea and omits the
electron, since the analogy here is JUSt meant to indlcate relatlve
: sizes of nucleus and atom. Prentice-Hall (p- 42) con31ders that the
vnucleus of aichlorine atom is as & Spot one centimetre in dlameter at
Athe centre ofgthe'Unlversltyvof.Michigan Football Stadium and the elec-
trons are ashbirds, flying freely within»the'stadium; This.model is'con-
,sistently macroscopic'and the hobilityiof electrons is represented by a
‘universally recognized modei. (The: "electrons", however, are only
-capable of mov1ng above ground which represents half of the total
"orbital sPace" ) |

Freeman refers;to the rare gases as inert gases although.reference
is made to the Bartlett experiment;:,The three revisions refer to these

gases as ''moble", HoughtonhMifflin‘(p. 117) jnstifies its choice of
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adjective with the statement that "...it appears desirable to describe
these as the "noble" gases.justvas netals such as gold and platinum
which formvcompounds hut do not react readily are called "noble metals",
Raytheon (p. lll) prov1des a table of five noble gas compounds with a
list of their chemical and physical properties and Houghton lefllnb
(pp. 118-119) outlines the present-day uses of noble gases. A quotation
~ from Bartlett describing his historical synthesis of xXenon hexafluoro-
platinate in 1962 appears in Prentlce Hall (p. 170) w1th coloured pic-
‘tures of the reactants and‘product (p. l71).:

‘Both Freeman'(p. 92)”and Houghton‘Mifflin.(p. 118) interpret the -
increase in boiling point nith increasing atomic number of noble gases.
The increase in boiling p01nt is conSidered to be the result of an in-
crease in attractive force between atoms. Prentice Hall (p 169) links
this interpretation with the observation that 1on1zation energy tends to

-decrease as.atomic.number 1ncreases among the noble gases. . ThUS inter-
actions‘become stronger as 1on1zation energy decreases.' The llmlts of
“this relationship need to be deflned if it is to be a valid assoc1at10n
for student reasoning, sincelOne»canlobserve that for alkali metals,
boiling point decreasesbas ionization energy decreases and atomic number
increasest Raytheon (p. ldé)-gives'the most conservative explanation,
~ stating that "..., as molar mass increases, the boiling temperature in-
creases.‘ We interpret a'higherbboiling temperature to mean that more
energyvmust be supplied toiallow a moleculevto leave the liquid state".
© . All versions eacepthaytheon describe the use of silver nitrate
solution to test for the presence of.halioe ions. Properties and uses

of halogens are’outlined in‘Houghton Mifflin (p. 128).
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Freeman and Hoﬁghton Mifflin describe trends in physical and
chemical properties across the third row of elements in the periodic

table. Prentice-Hall examines the second-row. elements. Structural

characteristics that correspond with metallic, network, and molecular

properties are emphasized. ~Prentice-Hall (p. 184) accounts for the -
difference in reactivity of oxygen and nitrogen gases in terms of

heat of formation of the molecule.

At the end of Chapter 6 in Freeman, 31 questions.and problems

are'ﬁrovidea to’investigaté and reinfér;e the.student's knowiedgé of

the periodic»table and atomic'struéfufe.' Raytheon,-chapter 7, supplies
15 exercises, 8 of which ére fréﬁ-Freeman; and Héughﬁon.Mifflin; Chapter
_ 6, provides 28 exerciséé, 16 Qf which are.froﬁ:Fréeman. There are 28

exéréises at thevgnd of Chapter‘S‘iﬁ’Pfeﬁtidg—Hail, 19 of which are
 7from Freeman. | |

 Raytheon is thevoﬁly version»whigh ﬁas.experiments that should
be'pérforﬁed to.accdmpany the stqdytof.thelpéripdic table. Since the
Raytheénitextbook~d9é§_not have a séétion on alkéline earth elements

to correspond with Freeman's Chapter 21, three experiments relevant

to Chapter 21 of Freeman are aésociated with study of the periodic

-+

- “table in Raytheon.

One of these experiments is an introduction to qualitative ana-.

lysis and develops a scheme whereby an unknown solution may be iden-

tified.  Another experiment makes use of slight differences in solubility
of some compounds of second-column metallic elements to devise a quali-

tative-analysis scheme to test for calcium, barium, strontium, and
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: magnesiuh‘ions in an unknown‘solutioﬁ. _Flame tests are performed for -

additidﬁal-cqnfirmation. The final experiment of the set enables the

student to develop a.scheme of qualitétive analysis for Ag+, Hg22+ and

Pb2+ ions, -




Summary

Table 11, Comparison of Chapter 6 of Freeman Textbook with Correspdnding Material‘iﬁ the'Three Revisibns -

’ Topics treated : s - . : :

_ Trends S . ' Rare . - : Chapter-end’
~Version Periodic table in rows -~ Atomic model gases Additional _exercises
:[Freemah  from chem. and . row-3 ‘flea, stadium;‘ inert halide tests; 31

- 'phys. properties ‘ electron no experiments
Raytheon = from CHem. and nbble; i'3'experiments; 15 (53% from
phys. properties; ‘table of = qual, anal,. Freeman)
Mendeleev's" : compounds #19, 20, 22 ; ‘
predictions ' S
Houghton  historical row-3 ant, stadium noble; = halide tests; 28 (57% from
Mifflin =  development ' e ' P present  no experiments = Freeman)
AR - : . uses S S S
Prentice- from ioﬁiéétibn_ ’.row-2u1' :l-cmispof,'- : -noble; halidéltests; 28 (68% from
Hall “energiles - birds, stadium ‘Bartlett  mno experiments Freeman)
o ' : o  quote and ' ‘ o
- plctures
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CHAPTER v

DETATILED COMPARISON OF FREEMAN VERSION WITH THE THREE REVISIONS

CHEMI CAL PRINCIPLES

Principles of chemical reactions areuextracted_from’the labora-
tory experlments,that are'coeordinated‘with Chapters 7 through 17 of

the Freeman tethook; Chemical‘principles,of two types'are—investigated.

‘Principles of chemical reactions are covered in Chapters 7 to-13, and

principles of chemical bonding in Chapters'l4 to . 17.

Energy Effects in Chemical Reactions .

Before. he reads Chapter 7 in the.' reeman’ textbook the student
’should perform an experlment which permits hlm to develop.by 1nduct10n
,Hess s Law of Additivity.of Reaction Heats.: Chapter 7 in‘Freeman5
examines the energy- effects caused by chemlcal reactlons and applles
the law of add1t1v1ty to several reactlons.- Types of molecular-energy
’ and macroscopic effects of warmlng matter are descrlbed, endlng with

nuclear fu31on whlch ‘occurs at temperatures of - several mllllon degrees

absolute. ' The accounts of energy effects in Freeman and Houghton
*Mifflin are almost 1dent1cal but Raytheon and Prentice-Hall 1ntroduce
add1tiona1 information that is slgnificant;

The clearest general analysis of~energy effects in chemical re-

actions.isbpresented infRaytheon (p- 192) as follows

When a chemlcal reaction occurs,. some bonds in molecules are
broken .and new bonds form. Energy is required to break a chemical
‘bond. However, energy is released when new chemical bonds form..

- Almost:-all of the energy .effects in a chemical. reaction are the re-
sult .of bond- breaklng and bond- forming events.
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Those basic concepts are required for a meaningful approach to

calculations of heat of reaction. A partial equation must be selected
'-for each reactant compound in which bonds are broken, showinglthe break-
down intO'separate elunents. Also, a partial equation for the formation
from its elements, of each product compound must be used in determining
the heat of the overall reaction. |

Before spec1f1c quantitative detail is presented Prentice Hall

(p. '191) summarizes the general qualitative observations for the prepara- :
tion of water gas.v Qualitatively, energy is absorbed when water vapour -
combines w1th hot coke to form water gas, and energy is liberated when
‘coke burns in oxygen (to produce heat for the reaction of hot coke w1th
water vapour) Wlth those generalities established the relevance of the
‘quantitative details can be clearly perceived by the student while the
vdetails are being presented.‘ Freeman does not- isolate: the generallties
first, but proceeds directlylinto speCific quantitative description.

The table of energy changes 1nvolved in the manufacture and use of
water gas is more self contained in Prentice-Hall (p+ 193) ‘and Raytheon "
(p. 194) since the equations for the four reactions are glven in the table.
Freeman (p. 109) and Houghton Mifflin (p. 282) represent each equation by .:
a number so that the reader must look back through the textual descrip-
tion to find,each equation. This is a more confused.and less satisfying |
'presentation. |

iThe photosynthesis reaction is described in Raytheon (p. 195) in
terms of energy effects., This reaction provides an‘excellent opportunity

to correlate biology ‘and chemistry. For example, the student could:
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v—determine theknet energy ‘effect of photosynthesis in kilocalories per
mele of glucose, if the heat of formation of glucose were given.
Prentlce-Hall is the only version that uses the'term enthalpyfto.
: represent the energy stored in-a substance during its formation. The »
vother versions 1dent1fy this energy as heat content of the substance.
There is an error in labelling of diagrams in Houghton Mifflin
,(P‘ 297) The caption for the ‘upper diagram, which shows the molecule_ _‘
"moving from place to place, should be "translational motion". The lower
centre and lower right dlagrams both illustrate Vibrational motion,
~since the atoms are moving alternately toward and away from the molecular
centre of mass. In the textbook the upper diagram is not 1dentif1ed
~ and the lower right diagram is described as translational motion. These
»Jerrors_could certainly’conque the_students..

Raytheonlép. 263) provides:a very.informative table‘which compares
‘ energy changes that occur- w1th1n the temperature range from absolute zZero
to 1 x 108 °K., in terms. of source. of energy,‘absolute temperature, pro-

cess occurring, state of atoms and molecules, and molecular process.

Raytheon is the only version in which the formation of plasma (by ionization-

of atoms at about 106 °K ) and nuclear fu51on reactions in stars (at about'
: lO7 oK ) are discussed

Although all versions discuss nuclear flSSlon of uranium-235,

Prentice-Hall (p. 204) gives the most 1nformation describing the opera-
tion of a nuclear reactor, including selection of critical mass of fis-
'-sionable material and control of fiss1on rate by cadmium rods. Nuclear

ﬁ power is related to student experience in the statement that one-half



v'{poﬁﬁd (iBSlg) ofburanium-235'releases the same.amount of energy as“f~"5**'s“
140 000 gallons of gasoline (approx1mate1y 4 5 X lO9 kcal per mole
of uran1um—235.

Freemandprovides 23 questions and problems at the end of Chapter‘;
7, to examine the students knowledge of energy effects ln chemlcal
a reactlonslv Raytheon supplies 32 questlons at the end of Chapter 11,

19 of which are from Freeman and Houghton Mifflin has taken 11 of 1ts»y
'15 questlons‘from Freeman ‘as well as 10 of its 14 problems. In

. Prentice-Hall Chapter 9 ends with 25 questlons, 23 of which are from
Freeman. |

| The experlmental work includes a study of reactlons, cons1sting
of . observatlon of evidence of chemical change and observation of rates
of reactlon,vfactors affect;ng‘rate ofnreactlon, and completeness of
’reaction.‘ ‘ | | | o

' The heatvof reactlon of sodlum hydrokide solution with hydro-
chloric acid‘is determined and cdmpared‘with‘the’total heat from the
equivalent sequence of reactlons. The data from this experlment Justify
the formulatlon of the law of add1t1v1ty ofbreactlon heats.. Raytheon"
,and Prentice-Hall dlrect that styrofoam cups should be used as calori-
meters, as they”reduce heat loss more effectlvely than Erlenmeyer flasks o
o . . :

Raytheon provides an addltional experlment that combines a sequence
of three reactions for the determlnation of heat of combustlon of magne—:A

sium to magnesium oxide.




Summarx

‘Table 12. Comparison of Chapter 7 of Freeman Textbook ﬁith Corresponding Material in the Three Revisions

et =
Topiles treated - - :
. ' : IR _ ‘ Chapter-end
Version - . Energy effects o _____ Energy changes ' exercises
. Freeman o S - e PRI SR o ',' -1 | 23
Raytheon clear genéral analysis;i- R ~ table, 0°K to 108 oK; 4 32 (59% from
: o  photosynthesis . plasma formation; N Freeman)
= ' - fusion in stars ’
Houghtoﬁ : captlon error ) 1‘- , ',  R 15 (73% from"
Mifflin- L ' . » : : Freeman) '
14 (71% from
- Freeman) '
Prentice- . general,to.specific;;  3 R ‘”huclear reéctor  7: S - 25 (92% from
Hall = - enthalpy o s Co e Lo - Freeman)
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Table 13, Comparison of Expériments in the Four Versions, Relevant to Chaptér 7 of Freeman Textbook'
— R : o _ . _ : . v . _ _ _
‘Subject - : e L ' . Experiment Number = -

" experiment ’ . Freeman - Raytheon : H.M, i P-H,

. Study of reactions : : 7v12  - : 24 ' f » _'v--10‘  o 16 '
Heat of'réaction‘(NaOH +}HC1) . 13 , _Lﬂ’. 26 . ‘ 13 L 17

Heat of reaction (Mg + %02) S o . 27w

19
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_'Rates of Chemical Reactions

Reaction rate 1s.expla1ned by the activated complex theory in
Chapter 8 of the Freeman version. Changes in reaction rate produced
by variation of‘concentration or temperature and by addition of a cata—
lyst are recognlzed as-belng_consistent with the kinetic theory of |
molecularvmotion"and the activated complen theory. ' In presenting<
these tOplCS, Raytheon and- Prentlce-Hall have clarified and developed
. some of the concepts more fully ‘than Freeman and Houghton leflln.-~‘

In defining "rate of reactionf; all ver31ons except Raytheon
refer to thekreaction : - ‘ |

co + NO, ———> 0, + NO.
‘ SincevNOZ isva brown gas and<the other-substances are colourless gases;
the brown colour w1ll gradually dlsappear as the forward reaction pro-
ceeds. -Both Freeman and Houghton Mifflin define the rate of reaction

as (quantity of NO, consumed)/(time 1nterval) Raytheon and Prentice-

Hall are in agreement that the rate is (change in concentration of NOZ)/
. (time 1nterval) To examine the 1mp11cat10ns of'thesevtwo-deflnitions,
consider two vessels contalning different volumes but the same concen-
tratlon of nitrogen dioxide gas. If in each vessel the same numberdof
moles of nitrogen diox1de react per minute, the rate of reaction is
greatest in the smaller (and warmer) vessel (where the brown colour is
"fading faster) by the Prentice-Hall definition. Both rates areathe-

g same according to the Freeman definition.v The-definition invFreeman
is not well chosen and doeS»not~agreebwith.the,verbal'context in which

it is placed in Freeman (pp 124, 125). “
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1Raytheon does:not'express rate of reaction mathematically as
proportional to the product of concentrations of reactant gases or to
the'product_of partial pressures of the reactant gases in the reaction
vessel.yVSince'thevequations'deVelOped'in the other versions to ex-.
press thisvrelationship are not-used,itheir omission from Raytheoniis
not harmful and may evenvincrease the coherence of the course.

fRaytheon (p- 215)Vis the only Versionvwhich describes,the mechanism
: for'the decomposition of hydrogen iodide HI, into its elements. ‘Five
stagesiare represented with diagrams of molecular models that correspond
w1th potential energy as 1nd1cated by dots shown on the potential energy. l
curve. Captions interpret each stage in~terms of molecular behaviour.

An experimental determination of the.distribution of Velocities of"
tin vapour molecules at constant temperature is outlined in all versions.
vPrentice-Hall (p. 221) presents a method of calculating velocities from
the experimental data. |

Raytheon describes the alteration in the molecular kinetic energy’
distrihution curve as temperature changes. As thehtemperature rises,
the curve flattens and spreads out. This is a useful generalization.
Since average. speed of molecules 1s’greater at the higher temperature

many more c011151ons involve energy greater than threshold energy.

Each textbook has a different model for the formation of an
activated complex. In the Freeman version ‘the activation energy
barrier is represented by‘a mountain pass at an altitude of 4,200 feet.
Instability*of a vehicle at the summit of the pass represents instability'

of the activated .complex. ' This instability may result in a return to the
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starting point(reactants) or progress toward the destinatlon (products)
tThe catalyzed reaction pathway 1s analogons to a mountain pass of alti-
tude 900 feet 1nstead of 4 200 feet. For the catalyzed‘reaction,,there
 is a different activated complex and a ‘lower activation energy.  Houghton vr
Mifflin uses the nonntaindpass'analogy, with specific reference to
south-north travel in the United States rather than weét-east travel.

'Prentice;Hall represents activation energy asvthe minimum energy
required for a pole vaulter to pass over the bar (with the best geometric
‘arrangement of his body). He starts from the level of the runway (re-
actants) and lands at’the»lower level of the pit (products).“This~model
vbis-very fitting for exothermic reactions in particular. The coach may
.act as a,catalyst by lowering the bar, enabling more people to‘get oyervd
. . _ S .

| Raytheon.represents the activation*energy barrier by a.very steep
11h111 over which someone tries to roll a bowling ball: 'Only occasionally'
the bowler provides enough energy to. get the ball over the hill. "Raytheon
‘(p. 213) shows most clearly that the potential energy of the activated
complex is equal to the threshold kinetic energy, by representing these
: energies at the same level on two adJacent graphs. The graph of kinetic
energy distributions‘atkconstant temperature has been rotated counter-
-clockwise throngh ninety.degrees so that the threshold energy line is
level with the energy of the activatedlcomplex on the potentialvenergy
graph. The prov131on of a mechanism for ‘the catalyzed reaction is re-
presented by the washing away of the hilltop so that it is easier for

the bowler to roll the ball over.
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haytheon (pp- 218?222) describes the reaction‘ﬁechanisms'ofzmole-
- cular‘inversion,:chain reaction,.and several forms ofgcatalysis. For
the mechanism of inversion of ammonia: the diagram (Raytheon,fp. 219)
is incorrect as all three hydrogen atoms. should be bonded to the- nitro- i
gen atom directly and a hydrogen atom does not barticipate in the torma-
tion of two covalent bonds. The description of surface catalysts (p. 222)
" contains the 1nformat10n that bonds form between the catalyst and the
adsorbed reactant, releasing‘more.energy than is needed to break the .
bonds in the‘reactant,_and:thus.reducing'the energy‘which the second
reactant must bring to’the‘reaction;” | | | |

In describing acid cataly51s, Prentice-Hall (pp. 228, 229) is the |
only version which represents the ac1d catalyst as H30 rather than. H.

A book published in 1969 under ‘the auspices of CHEM. Study 1ndicates

" that there is no firm ev1dence for the existence of the hydronium ion

(Merrill and Rldgway, P 137) ~This explains,the absence of‘H3O from‘
. the Freeman version. L )

Raytheon (p. 424) compares'the:mechanisns of chemical and nuclear .
reactions;invterus of form'and stability of activated'compler and in
terms of‘energyiof reaction. Temperature change of'500°C does not alter
';the:rate of nuclear reaction nerceptibly;because the{energy terms
Jassociated with a nuclear reaction are'nillions of times larger than
kenergy terms associated with ajchemical process.(Prentice—Hall,_p.AZSl).

Freeman providesiéquuestions'atuthefend of Chapter 8 to exanine
:student knowledge of ‘reaction rates. Raytheon supplies 30 questions, of

which 19 are from Freeman and Houghton Mifflin has taken 16 of its 27
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: qﬁestioﬁé from Freeman. Prentice-Hall has 24‘questiohs at the end of =
Chapter 10, 20 of which are from Freeman.

Laboratory work in all versions except Raytheon includes a "clock"

reaction to show the influence of temperature and concentration on time ..

required for é reaction to océur. Iodate 1onvreacts.withkhydrogen 1
sulfite ion to produce‘iodide ion. -Iodidefions react with thé:remaining:”'
iodate ions.tbfform free iodine which turns the starch blue.

~ An experimeﬁt in:Freeméﬁ and-?rentiée-Hﬁll is‘desigﬁed to inQeéti;
date the rate of decomposition of aqueéﬁskéodidm hypochLofite, NaCl0.
The reactién is'catalyzedvbj an oxide of'cqbalt. Effects éf temperatﬁre
and éoncéntrétionvon‘ﬁﬁe'réaction raﬁe,aréljudged:by the rate of produc-:
. tion of éxygenlgas; | “
| The Vélock“ reactioﬁ in ﬁaytheon is designed to deferminé the
influence of‘teﬁperature,jconcehttétion, and:capalysis'bn thé time re-
quired for‘? reacﬁion‘to_bccuf.' The‘reacténﬁs,ére iodide.ion, peroxy-
a’diéulfate ion,.thiosﬁlfatékion,:apd:sﬁaréh;r'Q0ppef‘sulfafe solﬁtion is
_ftﬁe catalfst;:'Thié experiﬁent has the‘advanﬁage of indicating the quan-/

titative_effect of catalysis on reaction rate.




Summary

Table 14;‘ Comparison of Chdptér 8 6f Freeman Tex;bbdk With Corresppnding'Material‘infthe Three Revisions

e

" Topics treated S :
v . ‘ - Activated . _ SRR Chapter-end
. Version Reaction rate ' - . -complex model - Additional ___exercises

Freeman - " ' quant, change/time  f‘ et _‘mougtain pass,;p ; Sl ’_‘ ﬂ S22

‘Raytheon conc. change/time A SR hill, bowler - threshold=activation 30 (63% from
s : : : B ' ‘energy; curves; . ‘Freeman)
‘mechanisms - A '

Houghtoan - quant, change/time .'mduhtain pass T e -»'. B 27 (59% from .-
Mifflin | L e AR R Lo RS * Freeman)
Prentice- -~ conc. change/time‘ - i'f . polefvaulting ‘ H30+ catalet; R 24 (83% fromﬁ
..Hall = - " N o e BT PO .nuclear reaction - - Freeman)

L9




Table 15, FComparisbn of Expefiments in the Four Vefsions, Relevant to_Chapﬁer 8 of Freeman Textbook L
Sub ject SRR s b L Experiment Number _ . T
-experiment o : - Freeman ~____ Raytheon : H.M. . P-H,

Clock reaction, 10,” + HSO,” 14 o 1

ADecdmposition rate, NaCiO | 14av' » b",ﬂ : R v _ - 8-5

2
8

Cléck feaction,‘I_'+’320 -A+Séojz'.> 28

89
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"Equilibrium in Chemical Reactions

The dynamic nature‘of chemical equilibrium is stressed in Chapter
9 of the Freeman version; Effects of various changes on equilibrium
‘conditions are predicted using Le Chatelier s Principle. ~Equilibrium
.constants are.determined and interpreted. Houghton. Mifflin is the only
rev1sion that does not make any appre01able changes from the Freeman-
presentation of equilibrium in reactions. |
Raytheon (pp. 227 229) describes three separate examples of equi-
librium and abstracts factors common to ‘all three. These factors are
»uniform temperature. a closed system, and a measurable property which
',hasvchanged with time and has reached a constant value. These factors
areeincorporated into a generalization,."For'a closed system at a uni-
form temperature, equilibrium is recognized by the constant prOperties
iof the system" Additional observations lead to the generalizatlon that,
equality between ratesrof forward and reyerse'reactions maintains the
constancy”of properties. Freeman proceeds from spec1f1c observations of
two systems at equilibrium to the definition, "Equillbrium is charac-
,terized by constancy of macroscopic properties" (p. 143) In Raytheon the
concept of equilibrium has been more’ methodically 1ntegrated Wlth labora-
tory experiences and should thereforevbe‘more meaningful and more readily_
-retained by students. | |
| All versions. except Raytheon‘describe the type of system exemplified
by the laboratory burner flame, which displays constant properties but

'cannot be called an equilibrium condition. The flame is a "steady state',
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: since.it functionsias an open system, with'matter»entering and leaving

at all tﬁnes.' Classification of such negative examples (examples of

what a concept is not) strengthens the concept of equilibrium: Accor-'
ding to De Cecco (pp 408 409) several studies have shown that presen-
‘tation of negative examples discourages snap Judgments and facilitates
making proper discruminations so that valid concluSions will be reached

Proof that equilibrium is dynamic is provided- only by Houghton

Mifflin (p. 335), using 1sot0pic tracers. A liquid-vapour equilibrium,
developed uSLng 1iquid water containing the isotope, l7O hasg reached
equilibrium at the same temperature as another liquidvvapour system

that contains no tracer in_the water.l“Vapour is allowed to move back
- and forth between these two‘systems. Whenbequilibrium hasvbeen reached,
'themisotopic species;s170, is found at the‘same concentration in the
liquid of both yessels.- This result indicates that molecules were contif;;"
nuously passingifrom3theq1iquid.to theugas‘phase and-vice-yerSa;veven
though‘equilibrium had been achieved.v | | |

| Prentice;Halll(pp.v240-242) emphasizeslwith reference to the

CaCO3’- COé'equilibriumvthat one of the best ways.to‘ensure;that we

have a true equilibrium condition is by reaching the.same equilibrium
- point whether products or- reactants are the initial ‘content of the closed
system.‘ Regardless of whether_limestone:or calcium oxide and carbon
dioxide is the initial content'of the closedeystem; if the temperature
iS'brought to 800°C and‘heldcconstant,'the pressure will become steady
at 19o'm. | | fone |
| Circle graphs divided into appropriate sectors indicate the com-

position of the N204 - N02 system at equilibrium at O°C 25°C and
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lOOoc (Raytheon, pp; 231, 232). Since-the'information of N0y is endo-
thermic; the éraph for the equilibriumbat lOO°C'shons the largest NOo
sector of the three graphs. The circle,for.100°C conditlons is com-
pleted hy an- NoOg sector whose angle iS'about ten degrees. 'These graphs
are a ueeful teachingvaid Which'clarifles thinking.' |

An equation does not give quantitatlve information about conle
‘tions at equilihriun."Just as the number of boys and number_of‘girls:
(reactants) at the flrst school dance of the year does not indicate'the
number of dancingﬁcouples (products),ialchemical‘equation does not in- '
dicate the relative concentratlons of reactants and products at equili—
brium (Prentlce—Hall, P 243) -This analogy is effective since it makes
use of experiences familiar'to;the high school student. |
LevChatelier'slPrlnclpleKis moetlthoroughly'interpreted in the
Prentice-Hall Verslon'(pp. 246-250).:'ForzinStance;:the effect of decrease
in temperature on'an equilibrium is‘de3cribed a§»Wéi1 as the effect of a -
rise in temperature.__A summary table'ofusome changes,to whlch an equili-
“brium system may.be'euhjected,.processes‘that tend to counteractvthe
| change and final results, is provided in Raytheon (p. 236). However,
'students should know and be able to apply Le Chatelier's Principle with- -
out using any table as a crutch
Raytheon (p, 235) provides a discussion of the effect of pressure
“change on the‘equilibrlum system'
N204 + 14 1 kcal -———9 2N09

Explanation is given for the brown colour due to- NOp becomlng darker,
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~ then lighter as pressure on the system 1s suddenly doubled 1

- ‘The model of golf balls rolling to the lower level in the back
of;a station-wagon is used in all versions except Prentice-Hall to re-
. present the tendency of systems to move toward a‘stdte of‘minimum '
potential energy. Prentice-Hall drans,attention to this tendency in
skiing and in water running‘downhill;‘ The tendency for maxinum randomness
is 1llustrated by the diffu51on of methyl v1olet when a few drops of it
are added to water in a test tube. (Prentice Hall, p. 259) and by - the
jostling of golf balls between higher and lower levels as a station-
wagon passes over bumpy roads;(Freeman, p. 157)f |

Prentice Hall (pp. 260, .261) identifies. the equilibrium state as

- a compromise between minimum . enthalpy and maximum entropy. Both ten-
denc1es can be observed in the behaviour of Water in a blender. When
the blender is,tnrned off, neter is at itsiloweSt position, correspon—
ding with tenperature of'absolnte zero~andvminimum potential energy of
molecnles; 'With'the weter running at‘high speed,-wateriis distributed
in more space, corresponding with the gein_in kihetic-energy and the
increased randomneSSlWhich results from,temperature increase.

Raytheon is the only version that introduces the equation:

AG = AH - TaS

These changes can be observed by students, using a ten-cent
plastic syringe which can be filled with NO, gas from a bottle sealed
. with a serum cap. The needle can then be inserted into a rubber
stopper to seal the syringe.  Pressure can be doubled by suddenly
pushing in the plunger to halve the volume of gas.  (Nitrogen dioxide
should later be forced out as it will damage the syringe). (In- .
service training for teachers given by Irwin Talesnick, Professor at
MbArthur College of Education, in Kingston 1969)
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.where}AG is net:driutné force for the-reaction?¢LS is entropy change
aad T is absolute tenperature.

Freeman has 26_questionspat_the‘end of Chapter 9 that examine
the studentds knowledge of equilibrium in chemical'reactions. There
are 36 questlons at the end of Chapter 13 in Raytheon, of which 33 :
are from Freeman and 24 of the 30- questions in Houghton Mifflln are
- from Freeman. In Prentice-Hall; 26 of.the 28 questions are taken from
'Freenan. | | |

Laboratory work for all four versions contains a procedure for

determlning an equ111br1um constant for the formatlon of the red ion,

N2t 3+

in aqueous solutlon from Fe and SCN™. (In all versions,
this experlment is preceded by demonstrations to glve a qualitative in-
"troduction to the reaction and to show that intensity of colour of a
solutlon depends on depth: and concentratlonbof the solutlon) The
teachers guldes publlshed by Raytheon and Prentlce-Hall are particularly
useful for checklng student results and calculatlons -as they contain

- tables of depth ratlos of llquids and values of the three potentlal
equlllbrium constants that correspond with each depth ratio. - The
Raytheon teacher's gulde provides data sheets and calculation sheets
which could be duplicated for individual students to record their:reF
sults. A Fortran IV Computer programme for use of the enperimental
data to compute equlllbrlum constant expresslons, is given by Raytheon

and may be used in schools where a class has access to a suitable

-computer.
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blender model.

Table 16, .Comparisbn of Chapter 9 of Freeman Textbook with Corresponding Materialiin the Three~Rev1816ns
Toplcs treated :
VLR o : ' e S ' R Chapter-end -
Version Equilibrium Le Chateller Additional exercises
- Freeman golf ballkmodelb steady state 26
Raythebn' “defined By induction; table of rééults,' sG eQuation 36 (927 from®
circle graph, concs.; Ny0, - NO, - SR Freeman)
golf ball model e s
"Houghton - golf ball model . steady state; 30 (807% from
Mifflin , ’ : ' . isotople tracer Freeman)
Prentice- true test; ‘ thorough>ihterp. steady étate 28 -(93% from
dance analogy} : Lo - I Freeman)

YL




Table 17.‘.Compariéon'of Experimenfé in the Four Vefsions, Relevant to_Chapter 9 of Freeman Textbook
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exper iment : - Freeman Raytheon ‘ - H,M, P-H,

Chemical equilibrium (FeSCN2T) 15 . = 29 S L 19
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Solubility Equilibria

A general survey-of'ionic reactions is‘provided in Chapter.lo of
Freeman. The equilibrium constant is applied to'chemicalkreactions and
comparison of the established solubility constant.w1th a trial ion pro-
duct indicates whether a Pprecipitate will form under the trial condi-
tions. The variation in solubility of a»solid in'different solvents
and of two gases in water is explained as resulting from’ oppos1ng effectsj
of tendencies toward maximum randomness and minimum energy. In dealing
w1th these t0p1cs,fthe Raytheon ver51on.hasvomitted certainutopicS'that
-were included in the other versions, and Prentice—Hall‘has?added some
useful information. | |

Raytheon (p. 97) and Freeman (p. 171) have omitted three items
from their table of solubility of common compounds in water. - The ’
chloride, bromide and iodide of thallium have 1ow solubility -Radium
sulfide radium hydroxide and thallium hydroxide are soluble.' The
periodic table in Prentice Hall (p. 277) describlng halides of thallium
as. soluble contradicts Table 12 1 (Prentice Hall p. 279) where the
chloride bromide and iodide of thallium are listed as hav1ng low solu—
bility.A The solubility constants (Prentice -Hall, »p. 280) 1nd1cate
that‘these halides ofvthallium have low solubility.

The Raytheon version does notvcontain the six.separate periodic
tables withvelementsvshaded in’if‘they form comnounds of low solubility
with certain anionS. :Thessummarized table oftsolubilities of common

" compounds is not given in the‘Houghton Mifflin version.
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The theory of solubility'equilibria is not dealt with as thoroughly :
in Raytheon as in Freeman.- Raytheon’identifies equilibrium as a com-
promisevbetween'maximun randomness and minimum energy, without examining

speciflc reactions§ - Treeman explains relative solubility of solids in

liquids as resulting from heat effects and the effect of randomness. For-
example, Freeman (p- 166) indlcates that 5.8 kcal of heat must be Supplled
to.dlssolve 1 mole of iodine in carbon tetrachloride, but only 1.6 kcal s

neéded to dissolve 1 moleviodlne in'alcohol. Thus,vtheienergy.factor

(favoring'the crystal)'ls much larger for earbon tetrachloride and there-
fore iodine is less soluble in 1t than in alcohol. Increase in randomness
favours the dlssolv1ng of solid in liquid. .

’Changes in randomness of iodine_nolecules are described in'PrentiCe-
 Hall (p} le) from the crystalline form'attdéK Where translatlonal
kinetic energy is zero, through rise in temperature‘and,diss01Ving in
llquid to form a dilute solntionl | |

Equatlon 30 in. Prentlce-Hall (p. 281) which reads as- follows

[ '+] [pl ‘] s moles/lltre = s moles/lltre-CuCl

vdlSSOlved" is not well phrased The student may wonder whether 1 litre

- of CuCl is 1nvolved., Freeman s expression is better
[ +] = [bl :]' = s»moles/lltre ,="moles CuCl dissolved.

In calculation of SOlublllty from‘KSP, Prentice-Hall represents the

-solubility, s, in moles/litre, so that sZ is in molesz/litre2.A Freeman

omits the units in the equation expressing Ksp as a product of solu-

 bilities..
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The principles of precipltate formation and equilibrlum are re-
lated to nature and industry in Prentice Hall (p. 283). Oysters and
corals-adJust condltlons in thelr own local_area so that the concentra-
tion'of.carponate lon is large enoughlto‘cause precipitation‘of more
calcium carbonate shell material from the water. ‘Precipitation equili-
brium 1s 51m11arly involved in formatlonvof llmestone caves and in |
1ndustr1al preparatlon of pigments, sucn as yellow lead chromate and

cadmlum reds". |

Prentlce Hall (p. 284) outlines. the use of prec1pitation for -
separation of Cu2+' Ag , and Mg2 ‘ions in aqueous solution.

There are 27 questions at the end of Chapter lO in Freeman whlch
‘require knowledge of solubllity equilibria.  Raytheon has 20 of those
questlons from Freeman scatteredvthrough Chapters 6 and 13. In Houghton’i
Mifflin, Chapter 15, 12 out of 13 problems and 14 out of 22 questions
--are. from Freeman. Prentice Hall prov1des 30 questlons,>22 of which are
from Freeman.

All'versions except Raytneon contain an experiment to determine’
the solubility product,constantbof silver:acetate. An experiment in-”’
Raytneon ispdesigned tovstudybsaturated' unsaturated ‘and over-saturated .
solutlons and the heat effects of dlssolv1ng‘and crystalllzatlon using

hypo crystals or sodium acetate trihydrate in water.-
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mAqueous Acids and Bases

~ Principles of'equilibrium are.applied to acids and bases in.
Chapter 11 of the Freeman version. The relationship of Hf(aq) and
QH'(aQ)‘is examined‘aud the equilibrium constant:of:an acid,‘Ka,'is
interpreted as a quantitative.measure ofvacid strength.‘"Properties-
of acids and»bases‘are described.in terms of the Brgnsted Theory. The v'
authorsvof the Raytheonband Prentice-Hall_revisions have presented
,this,section of the‘course'more'thoroughly’than~Freeman'
Raytheon (p- 260) shows, in Flgure 14 3 by changes in the size

of letter symbols that OH™ ion tends to increase in concentration as H+

. 1on decreases in concentratlon.,»On_thevsame page, the hydrogen ion con-

centration from.water»in a.solution formed by dissolviug 0.1 mole of
hydrogen chlorlde in 1 litre of water is 1dent1f1ed Le Chatelier's
:»Prlnc1ple would suggest that the addition of hydrogen chlorlde would
-cause a Shlft in the dlssoclatlon constant of water such that less than
10 7 moles of H ion is contrlbuted by water per lltre This is'negli-
- gible compared w1th the lO l moles of H 1on supplied by hydrogen
chloride per lltre.of solutiom; Thus, theleffective gt ion concentra_

tion”isv10'1,§ and OH™ ion concentration 13110’13 M.

Indlcators are deflned by Raytheon (p 263) as weak acids or bases

wh1ch have one colour in acid solution'and another colour in basic solu-
tion. Au rudlcator actlng as a- base, forms a bond wrth hydrogen lon in
acrd solutlon resultlng 1n one.colour.‘ The tond is broken as the indi-
cator donates the H, ion, if'the‘solution is’madé alkaline, and a dif-

- ferent colour is produced.
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. A“coiour p}ate showing{coloure of seven'indfcetors.rn pH raﬁgeh
I to 13 iS'prorrded ih Freemen-(opposite p;'211)>and ih Houghton Mifflin
(p;7393) The colours of six different 1nd1cators in the pH range 1 to
11 are shown 1n Prentlce-Hall (p. 306) The three 1ndrcators which are
common to all three plates are phenolphthaleln bromthymol blue and‘
methyl orange.' Raytheon does not supply a colour chart.

In Prentlce Hall's sectlon on electrolytes (p. 291) the hlgh
'fu51on temperature of 11thrum chlorlde is explalned as due to L1 1ons
and Cl1~ ions belng ‘ -

“...held together invavrigid'lattice by electroetetic forces of

attraction.  If ‘we heat this solid to a sufficiently high tempera-

ture, 613°C, the kinetic energy of the ions, is large enough to over-

come the attraction of the positively and negatlvely charged parti-

cles.... These ions can then carry current through the molten mass.’
.Freeman (p. 186) is more vague,‘etatlng that the hlgh meltlng p01nt of
‘lithium chloride '"shows that the crystal is very stable"

1HPrentice—Hellv(p;_293)’indioates.that the polarity'of‘the water

-imoiecﬁle ié‘responsible’for thevsmell amountbof,energy ueed in dissolving
lithium ohioride‘in:weter.;:Ehergy ié‘releasedbwhen the,ehloride ion re-
‘acts with the positive end of the heter—moiecule ehd this:"energy of
hydration' oauses the hreekup'of’the latticeeof 1ithiuﬁ and chloride‘ions,
even et room'temperethre; Such a soec1f1c analysis is not presented in
- Freeman (p. 186) which again 11m1ts its explanation to a general etate-
ment on stability. o ﬁ, o _'5 | -

The high SOlubllltX of lithium chlorlde in water can be explained
only by saying that Li'(aq) and C1~ (aq) must also be very stable Thls
means that water must 1nteract strongly with these ions.

A salt is deflned in Houghton leflln (pp 398-399). as a compound

contalnlng the positive ion from a base and the negative ion from an acid.
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-'For example ca1c1um sulfate is a salt. Salt and water ‘are given as '

‘the products of "neutrallzatlon" in Raytheon (pp. 96, 258) as well as
in Houghton leflln. This is the more trad1t10na1 Arrhenlus approach
'whlch precedes the. Brﬁnsted 1nterpretatron.‘ Brﬁnsted:defines a base ‘as

a substance that comblnes w1th H+(aq) ‘and may or may not:produce-

oH™ (aq) ion in solutlon. Freeman restricts description of acids and
bases to the Brﬁnsted 1nterpretat10n.. ‘The word "neutrallzatlon"‘is

' ~om1tted as explalned in a footnote (Freeman ‘P- 189) to avoid confusfon_
‘w1th the concept of electrical neutrality._vAny aqueous solution is elec~-
- trically neutral whether or not the .number of hydrox1de ions equals thet'
number of hydrogen ions present in the solution:

- A1l ver51onsvexceptQRaytheonfprovide,general theorv-for deciding'l
whether an acid-base reaction favours the formation of reactants .0r pro-
ducts, but no spec1f1c problem is solved | A>structure is prov1ded by -
Raytheon (pp. 267- 268) for ‘the- process of determlnlng whether reactants
or products -are favoured in the reactlon between sodlum carbonate and
hydrogen fluorlde us1ng ‘the K, values for HCO3 and HF The maJorlty
-of chemlstry students need some structurlng to equip them to solve such
problems at the. end of Chapter. 11 in Freeman as the Ka notation is a
" new concept at thlS p01nt in the course and.must be manipulated.

The method of calculatlng an equlllbrlum constant for the reactlonu
between a Br¢nsted ac1d and Brﬂnsted base u31ng the K4 values for the
: acid reactant and ac1d product is 1nd1cated in Raytheon (pp. 268 269)
ZInterpretatlon of th1s new constant for the total reactlon would pro-
v1de another means of dec1d1ng whether reactants or products are

favoured in the total reaction.
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The equlllbrlum constant Ky, of HF is calculated using an accoun-A
ting table where 1n1t1al concentratlons and equlllbrlum concentrations
‘are listed (Raytheon, p. 270) The structure is similar‘to one provided

in Freeman (p. 147) for organizing data to determlne the equilibrium con-
etant_for a chemlcal reactlon.e

In determining the Ka of benzoic acid, Prentice-Hall (p. 309) sub-
tracts the number of moles of ben201c acid that 1onlzed in each litre of
solutlon’from the or;glnalymolar concentration of‘benzoic acid,‘to obtain
the‘denominatot‘for the Ka eXPfeSsion..‘The:Other three versions do not
include the subtraetion'es they:stete‘that the change in concentration of =
acid moleeules is negligible. The Prentice-Hall approach to such problems
should give'the student a more secure understanding, since it provides the-
technique'for solving prqblems whefettne change‘in molecnlar concentration
is significant. | | o

| . The Freemanlversion'(P. 182) makes the»claim that‘"...the concéntra—
tiens‘df.hydtogen and hydroxidetions‘give~us.tremen&ous 1everage in con-~
trolling the’chemistronf-equeous seiutione? In all versions except
frentice-Hall, the usefulness of such control is reiated only to the ef-
‘fect andecomp051t10n of form1c-ac1d, whlch is not of Vital'interest to
the\student. The-effect_df‘hydrngen;ion eoncentration isnrelated to two
-biological processes in Prentice-Heli (pp. 296, 297). In human blood Ht
must be close to 6.0 x l0'8>ﬂ.or_deeth may result. The:juice of red cab-
bage changes in colour asiacid.ie added.

Raytheon explains that‘acidicvnr'basic properties may be displayed

by a hydroxide of a'third-row.elementudepending on the'tendency of that
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.element to releaSe electrons.. The amphlprotlc property of ‘aluminum hy-

drox1de (capac1ty to elther donate or accept a proton) is related to

the 1ntermed1ate size of ionization energy of alumlnum

The Lew1s concept of.ac1ds as electron-palr acceptors and bases
'as electron—palr donors,'ls 1ntroduced only in Prentlce Hall.

Freeman provides 24 qUestions on acids and bases at the end of
Chapter ll. On the same block of knowledge 23 out of 29 questions-in
Raytheon 18 out of 36 items in Houghton leflln and 22 out of 30. ques-,
tions in Prent1ce-Ha11 are taken from Freeman.v

Laboratory work in all vers1ons except Houghton Mifflin contains
a determlnatlon of the. heats of six dlfferent ac1d base reactlons, to
‘ establish thejexothermic charactertof thetreaction between hydrogen,ion‘
and.hydroxidekion.‘:\ | '

All four versions. 1nclude an experlment thatllnvolves determlna-_
tlon of . hydrogen ion concentratlon of an. unknown aqueous solutlon by coms
parlson with colours recorded from indicatoretestsion standard solutions.:
Hydegen-ion concentration is‘determined for;a»solutionfof‘weak acid,
.acetic acid ﬁof knownAmolarityw Volumes of ‘basic solutlon requ1red to
neutrallze equal volumes of O 1 M HCl and 0. 1 M CH3COOH - are compared
"All versions except Houghton Mifflin prov1de an experlment requlrlng

‘appllcatlon of Le Chatelier's Pr1nc1ple to some revers1ble reactions. -
‘ ‘The‘effects>of hydrogen-lon concentration on the'chromate ion—dichromate
ion equilibrium’and on,the’equilibriun of solid barium chromate with'a

‘saturated. solution of its ions are examined.
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Table 21;' Comparison of Experiments in the Four Vefsions, Relevant to Chapter 11 of Freeman Textbook

Subject . S ‘ ___ Experiment Number

. experiment : ’ 4 ’ Freeman Raytheon - H.M, s P-H.

Heat of acidfbése'reactions- 17 - - 31 .} ' o . N ' 25
o R ' O S e S
H ion conc., indicators s B 33 SRR : 18 ‘ - 24

Le Chatelier's'Principie » “ ‘ 19‘ ‘ | ,~. 30 . . . R , 22

L8
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"'Oxidation-RedUCtion Reactions

AThe chemlstry of an electrochem1ca1 cell is 1nvest1gated in-
Chapter 12 of the Freeman version. A reductlon half-reaction occurs
at the cathode of the cell and an- ox1dat10n half-reaction occurs at
the anodef The voltage of a cell measurés the tendency fOr a cell re-
: action to occur. An oxidation-reduction equation may be balanced
using the half?cell method orvthe oxidation%number method.

| The 1mportance of the electrochemlcal cell in industry was neg—
lected in the Freeman version but has been given a great deal of atten-
tion in Raytheon and some : attentlon in Houghton leflln.”'PrenticehHall
is the only versron that explains reduction potentlals. Allhother_yer-
sions deal with ox1dat10n potentlals;
‘ The or1g1n of the word "reductlon" is. prov1ded in Raytheon (p. 281)
by noting that early metallurglsts 'reduced" large plles of ore to small
‘plleS.Of metal. Prentlce Hall (pp 342 343) explalns why ox1dat10n is
1dent1f1ed with a. 1oss of electrons.: A metal such as.magnesium, reacts
with oxygen to form an ox1de of the metal. 'SinCe the metal (magnesium)
atom loses two.electrons in Order to bond onto'an oxygen‘atom, oxidation
‘has come to mean a loss of electrons;‘ Thus, magne31um 1s'ox1dlzed when -
1t forms bonds w1th chlorlne to produce magne31um chloride, since the
magne51um 1oses electrons.
| For the. reaction: e
- ou® + 208" ——> cu?t + éAg°,_
Prentice-Hall gives a more rigorous exnlanation than Freeman. According

to Freeman (p. 205), randomness favours neither reactants nor products.
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,Prentlce -Hall (p 326) observes that the number of partlcles is the samev A

on both s1des of the equatlon‘ but’ the randomness factor favours re-.
ractants s1nce.1ons»dlstrlbuted.randomly~are morevdiSordered than atoms
' vin»an'ordered metalclattice.c waever'wboth'versions=agree”that since
the equlllbrlum favours products, the energy term.must favour products.
- Unlts for amount of flow, rate of flow, -and pressure in the fire-

man's water system are compared w1th unlts for the electrochemlcal cell

'_Raytheon (pp. 287 288) deflnes the units clearly by means of a table

diagrams, and-textual descrlptlon.’ The comparlson will be partlcularly
'helpful to -students who have llttle knowledge of phys1cs,
A procedure is shown in Raytheon (pp. 289- 291) for determlnlng

. the electrode potentlal of a half cell by comparlng 1t w1th the hydrogen
reference half-cell. If the ‘two half- cells are JOlned by a salt brldge
and connected to a voltmeter, the electrode toward whlch the voltmeter
needle is deflected'has.the lowervox1dat10n‘potent1al; Since the hydro-
‘gen referencevhalf cell 1s conventlonally as51gned an electrode poten-
‘ t1al of 0. OO volts, the, s1gn and magnltude of the electrode potential
» of:thevother'halfﬁcell‘can.be read'fromithe*VOItmeter. Raytheon lists
okidation potentialshof elements'ln.order offdecreaslng tendency‘to
: donatevelectrons.bl U » |

;A techn1que 51mllar to Raytheon' sbls descrlbed in Prentice- Hall
(pp. 328-331). A Cu- 2+-'reference half—cell 1s connected to four dif-
ferent half-cells in turn.‘ 'The voltage is tabulated for each half- cell

2+

'w1th the Cu-Cu”. ' half- cell a531gned a. potentlal of O OO volts.'-The

‘ half cell toward which the voltmeter needle swings lS glven the more
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positive'reduction potential since it has the greatest tendency to be

2+ reference

‘reduced. The same procedure is outlined using a.Ni-Ni
half-cell.‘ The tabulated'voltages indicatebthatlfor any given half-
'cell, the reduction potential is 0.61voltsilower using a c0pper‘refetence
half-cell than with a nickel.refetence half-cell. Such uniformity in-
_dicates that any half;cell could serve as a reference and that the
‘choice of.the H+f?‘Hé half-cell as a'standard was an‘arhitrary choice.
'Prentice-Hall'is the only version that:arranges the elements in‘order

- of decreasing ability of the ions to attraétieleCtrons. 'Thus, reduc-r

‘ tion.potentials are provided»in PrenticeeHall whereas the,othervversions
providevoxidation potentials. The Handbook of Chemistry and -Physics

,(p. D;86) lists reduction potentlals in accordance with the Stockholm
Convention (IUPAC 1935)

Freeman and Houghton Mifflin 1nttoduce electrode potentlals by
describing the experimental determinatlon of the voltage of the Zn - Ni
cell,'the Zni- Ag Céll, the an- Ni and Znﬂstg’cells connected in oppo-
»Sitiondzanddthe Ni Q»Ag cell. The data produced suggest that the voltage
of any cell can be calculated from the voltages of the two component
half—cells. | | |

Both Freeman (p. 214) and Prentice-Hall (p. 338) mention. that 1f “Q~s

’ tﬁe electrode potentlal for the overall ox1dat10n-reduct10n reactlon ig
only 0.1 or 0.2 VOlts (positive orvnegative), even,small deviations
from standard conditions may invalidate predictions that do not con-

- sider these concentration or temperature changes.
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A diegrah~and description of the composition of a dry cell are

~given in Raytheonr(p; 294) with equetiehs_for the haif-feactidns that
~oeeur. For the lead stofage battery, half reactions and their E° values
are given. Houghton ﬂlfflln (p. 422) describes the dry cell and lead
'storage battery, prov1d1ng half reactlons but no -diagrams. The Ag0: -Cd .
cell used in satellltes and the CH4 f\Qz fuel eell which has 70% eftie
ciency in producing electrical enefgy,'are described .in Raytﬁeon.

The cerfosion of irenbie deecribed by»Reytheon (p. 296) as an oxi-
vdation—reduction teaetien. Irdndacte as an anode‘in water,;releasing |
eleetrdns which unite with hydtogen iohsdqf‘water'to fo;m'neutral hydro-

"gen atoms;'vadfogeﬁ atoms.react With oﬁygen.ef the air to form water.
'bThe positive‘ironviodS'reect with oXygen of the air to form rust. 'Sué-
‘gestions'are‘given for minimizing cerrOSiOn of iron‘by breaking the cir-
cuit. Oxyged ean be excluded by coatlng the iron w1th grease,, peint,

or a weak reduelng agent. 11ke tin.- A sttonger reducing agent than'iron -
can be brought into the system, forciné:iron to act as a cathode. A
block of magtesium is bolted ontb,the steel ofba”ship's hull»tecausedit
tends to.releeSe electrons mere.feadiiy'ttan iron. |

Cdpper'pleting‘is described.inebothdﬁeughtqn Mifflin and Reytheon
as antillustretion‘of electrdlysis.j Chrome-plating, involving'a'con-
vefsion‘of;chromate’ions in.soldtion to chromium metal at the cathode,
is described in.Hougthn Mifflin (@.'435). it té probably more relevant

.to‘the interests of an adolescent‘reader thanvthe electrolysis ef halides
described in Freemaﬁ and Prentice-Hall.

| Raytheon (p. 299)}outlinesdatptocedure for determining the quantity
‘ef electrolyticbproduet:forﬁed by paéeege of a current of known ettength

through-an~electrdlytic system for a known interval of time.
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- The use of oxidation numoers to‘balance oxidation-rednetion Te-
actions is,explained:mote thoroughly in Freenan_and ﬁoughton Mifflin
than in Prentice—Hall. ‘Raytheon does not use onidation numbers, but
relies'completely on half-reactions,vfot balancing'oxidation;rednction’
equations. In thlS vers1on, ox1dation numbers'are used in naming com-
pounds of an element that has two different oxidation numbers..

Freeman prov1des 24 questions at the end of Chapter 12 that re—‘
quire a knowledge of ox1dation reduction. In:theurev1s1ons, Raytheon_'
has taken 18 out of 36 questions, Houghton Mifflin‘has taken 25 out of
28 questions, and PrenticeeHall has taken 22 out of 26 questions from
Freeman.

Laboratory work in all versions except Houghton leflln includes
a determlnation of the relative electron-1031ng tendency of three metals
and relative electron- gaining tendency of three halogens.. - Raytheon
makes the . experiment safervby substituting trichlorotrifluoroethane (TTE)
as a solvent instead of_carbonltetrachloride.. Halogen solutes take on
theysame colouts in both solvents. -The threshold limit values (safe for
8-hour continnous exposure) are: - for TTE 7600 mg/m air; for CClg,
'65mg/m3 air.‘m"

" All versions except:Raytheon contain an experiment involving con-
--struction and determination of voltage readings of several electro-
chemical cells. An additional_proeedure in Houghton Mifflin consists
of the'setting up and operation of a silver—copper cell. ‘After reaotion
is stopped, theyweight lost‘By the c0ppet strip is determined and con-
vetted to moles and the increase in weight of silver is converteddto

moles.




Summafx'
. Table 22.v Compafison_of Chapter.lz of Freeman Textbookvwith Correspondiﬁg Material in the Three Révisidﬁs :;

—
—

—
—

Topiés'treated

Chapter—endVF

Version _ Redox f’ .'Electrochemiéa15Cell-  : Additional | exercises
Freeman_. : IR RIEEA " oxidation potentials; B o 24
ERIREI : o E© yalidity ‘ '
Raytheon - reduction origing - water system analogy; ‘nomenclature . 36 (SOZ.from';:
S .‘corrosion of Fey ‘ oxidation potentials; for compounds : Freeman)
~ Cu plating; .+ dry cell, Pb storage + e .
no O0.N. to balance other cells
equations ‘ : : : :
Hbﬁghton L Cu,CripIatihg. v. - oxidation potentials;' S B ' 10 (70% from - o
Mifflin R SR ~dry cell, Pb storage S ‘ - Freeman) i
" S - : ’ 18 (100% from
Freeman) -
Prentice- - _ oXidation'origiﬁ ' “reduction potentials] R ‘ 26 (85% from
Hall : ‘ : . _ arbitrary choice of std. o B ' Freeman)
: “half«celly . C :

E° validity

€6




. Table 23. _Comparison of Experiments.in,the Four Versions, Relevant to Chapter 12 of FreemanfTextbOOk"‘

Subject . e o o Experiment Number ’ o '
~of R L e ' SRR o - T
experiment : R Freeman Raytheon . H,M. ' - P-H,

"Inﬁro.vto redox .~ 20 » "  » 34>(safest) : T | e 26

Eiectrqchemical cell, ‘ o ' S : o
- voltage, wts. of products s ' . ' coo 20

Electrochemical célls,v . e . _ R , . :
construction, voltage - 21 o T 8=4 R 27 .

- %6
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- Chemical Calculations

Chemical equations afe interpreted quantitatively in Chapter 13
_of Freeman. A pattérn called the mole methbd is provided for solving
stbichiometric'problems. Thé.manufécture~of sﬁlfuric acid is degcribed,
with diégramé;kfo.provide‘the thebry'réleVant to problems onisulfuric,
acid synthesis. | |

| kvAllvversiéﬁs use‘the ﬁ01é ﬁethod for solviﬂg'é#oichiometric'pro{

blems involving the determination of how much of substance B will be

produced from (or react with) a measured quantity of substance A. Freeman =

(- 225) déals with such ?roblems in 3vs£eps., The amount of Aaiﬁ_meagured'
units ié converted to molés of A. The number of méles of B, involved with
the determined méles‘bf A; is Calcglated. The moles of B are converted to
amouﬁt-of B in desired units. PréﬁticeéHallv(pp.159,'60) incorpqrates
éiﬁple‘unit anéiysis inté»the ﬁoié»méthod?jwhereaslphejothef versions_1:
reiy;on parailel statéméﬁfévin'stfuctu;ing problems} |

Raytheoﬁ énd Prentice?Hall'do.noﬁ‘descfibe the synthesis of Sulfufic
acid;'whereélereeman and Hdughtoﬁ Mifflin>providé illusﬁfationé of ‘both
the lead chamber progess and thé'coﬁ;act'process; which.ﬁaké the problems

based on these processes more meaningful.

‘Authors of the Freeman edition decided not to use the noun 'valence",

as it can have too many meanings. They do use "valence" as an adjective
in the term 'valence electrons". The noun "valence' appears only in
Houghton Mifflin (pp. 253, 254) where it is the number of electrons an

atom loses, gains, or shares when it forms chemical bonds with other atoms.
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- Valences of elements and of‘some radlcals_are given in charts. A-set o
of five rules is given for using valences in wrltlngvformulas. " Nomen-
:clature of b1nary compounds is brlefly'and rlearly.explained in_
Chapter 11;’ The tOplCS of wrltlng formulas and namlng need to be sup-‘
Plemented with dr111 geared to student capabllltles in the partlcular
.class A£ these skllls are to be mastered
Freeman prov1des 23 questlons that lnvolte st01ehlometry, at the
-end of Chapter 13. Questlons 1nvolv1ng the same pr1nc1p1es are supplled
in Chapters 3 and 4 of Raytheon and Prentxce~Hall.' In Chapter 11,
: Houghton leflln glves 12 questlons, of whlch 5 are from Freeman and 20
problems, of whlch 16,are from Freeman. ' ‘ |
Ihe,laboratbry:worh:in ali yersionsfexeept-Hdughton Mifflin cont'
1tainsfa study'of reactions between ianswrn'sﬂlﬁtion 1nvolv1ng solublllty
equ111br1a; ox1datlon rednctlon reactlons and ac1d base reactlons Ray-
theon' s—method is safest as TTE is.: used rnstead of carbon tetrachlorlde..
.>Quantatat1ve tltratlons glve erperlence dn acid- baseitltratlon and.
,‘additlonalAexperlenceS'ln quantltatlve analysis,’ The welght of a mole
- of an unknown solid ac1d is determlned by t1trat10n w1th a standardlzed

base, given that one mole of base reacts w1th one mole of the ac1d




>'Summarx

Table 24. Comparison of Chapter 13 obefeeman'Textbbok.with Cbrfespondiﬁg Material in the Three<Revisions _ -

. ——————— _——_ _— ==

—

Topics treated

g .

~ Chapter-end

Hall

analysis -

Version” Stoichiom, problems Additional. exercises =
Freeman - mole method | _ HpSO4 synthesis 23
Raytheon . "mole method _ Scattered_inn_ :
I , - Ch. 3, 4, (See -
" Appendix B) = -
Hoﬁghton . mole method HZSO' Synthesis; 12 (42% from =
Mifflin C 5 ”.valeéces-syformulas; Freeman) PR
Cons o nomenclature ' 20 (75% from
G Freeman) .
Prentice- f”mole-method-simﬁle; ~Scattered in .
~unit .Ch. 3, 4, (rel..

" to Ch. 3, 4 of
Freeman)’

16.




Table 25, Comparison of Experiments in the Four Versions, Relevant to Chapter 13.of;Fr¢eman Textbook

T

Sub ject T o . ‘ C Experiment Numb;;

Zipériment B 5 | Freeman A Raytheon o H.M. P-H,
Reactions betw. lons o 22 j'37 (saféstS:' 30
Qﬁaﬁt‘itauve titration 23 32 - 19 23
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Why We Believe in Atoms

Experiﬁents that proviee the basis for the atomic theory and.for
currently aecepted details of atomic struetﬁre'afe described ie Chapter
l4 of Freemah&s texebook. ‘The expefimental resulte are provided_end
their significancevis exﬁlained; Raytheon gives more historical informa-
'_tion than the other versions. The Preﬁtice-Hall»and kaytheon_tektbookénn
-are more thoroughvthen the other'versions_iﬁ describing moderﬂ methode.
of determining the structure of unkﬁoﬁhVSUbstancee. They also preeeﬁt :
--analogies and relevant facte that shquld interest the stﬁdent'and.make:
uchemistry-mere understandeble‘to ﬁiﬁ.-'

Chemical regularities such as definite compositioh of. .compounds’
and comblnlng volumes of gases are 1dent1f1ed ‘as 1aws in all versions
except Raytheon (pp. 23 25). Scientises increasingly avoid the word
"law" because Qbservations that a ecientisﬁ,can,make often show that
original generalizations.apply onl§'o§er a limited range‘of experimen-

’ ﬁal conditions. ‘The authors ef the Rayﬁheon version‘feel:that ehanging
a:generalizatidn is 1ess drastic,fhan_chenging ; law. |

All atoms in the gas phase emit light wheﬁ they are ﬁeaﬁed to a
highvtemperaturevor when an electfic‘discherge passes thfoughAthem.
Raytheon and Prentice-Hall explain llght waves. in terms of water waves,
with schematlc dlagrams and textual deflnitlons for frequency and wave-
length. An equation for determlnatlon of frequency of llght emitted By
the,exelted hydrogen‘atom as its electron movesvto the energy level_of
principai quantum number 2 is provided in‘Rayfheoe (p. 126). Prentice-

"Hall (pp. 370, 372) gives the general form of the same equation in which
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Vthe flnal p031tlon of the electron does not have to be the second energy'
level.’ Students follow1ng the Freeman or Houghton Mifflin texts to

o deternine frequency ofvlight emitted ae electrons dropped fron one
venergy.level to  anothor Ierel in hydrogen atoms would.go through three

'steps to determine energy released and then solve'an'equation to deter;.
mine’freduency,ofathe 1ight energy,emitted.

The Freeman version supplles ‘a mathematleal analysrs for deter-
mination of the charge to mass ratio (ehn) for an electron.,'An experl-
ment which supplles the required data is descrlbed, 1nvolv1ng deflec-
tion of an-electron»beam 1n,a‘cathode ray tube by,a uniform magnetic
field of known strength. »Labelied diagramsoof the'apparatus are shown
(Freeman, pp. 239, 240), Raytheon:(pp. 127;129) deecribes Thomson 's

~ experiment to'determine the e/; ratio:forbanvelectron. The effects on
the path of cathode rays produced‘hpban'electromagnet and by alpair of'
electrodes are combined sobthat cathode rays strihe the fluorescent
screen at the same p031t10n as when neither fleld is present. Prentiee-
‘ Hall (pp. 589 592) prov1des a description of the same Thomson experlment
with the mathematical development of the e/m value. ' Houghton Mifflin is
the only version that prov1des photographs 1nstead of lahelled diagrams
of apparatus for the experlment. Educatlonal psychologists have found
that

‘drawings or animated moving plctures which show only important

attributes of the concept are considerably more effective than direct
‘experience.... Possibly realistic situations present us with more- in-
formatlon than we can ea51ly handle (De Cecco, P 411)

A diagram is provided in Raytheon show1ng four atomic models

‘accepted by,sc1ent1sts from 1807 to 1913, as well as a flow chart of
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discoveries 1eading to the Rutherford,nodel.c‘Present'knonledgevof
atomic structure is"sunmarized in’Prentice—Hall (p- 146) ﬁathema—
tlcal calculations. and ‘the method for Milllkan s 011 drOp experiment
to determine charge on the electron are given 1n'P1ent1ce—Ha11 (p. 149).
- Roentgen 8 observations of green fluorescence of a gas discharge
tube and ionization of air by X—rays.areudescribed_in Raytheon.._X}rays.,
are now known to be light of very short wave length Since they are ab-
sorbed more by materials of high dens1ty than by materials of 1ow den-
31ty, they are useful tO'déteCt broken'bone and cracks in steel. 'Becquerells
discovery of radioactivity of uranium compounds»is describediin Raytheon .
and explained as'a spontaneous release of energy from certain atoms in
the form of,gamma rays, beta,rays, or alpha‘particlesi' |
Errorsfappear in thevphotographicvplate‘inktheAmass spectrograph¢
diagram (Prentice-Hall, PP- 151, 393),.'SinceiNeg%vions have greater
charge, their'pathﬂwill have a smaller radius-ofvcurvature than'Ne+ ions.
The mass spectrometer is described»only'in Prentice-Hall.(p .594).
Before Rutherford's scatterlng experiment 1s.presented Prentice-
Hall prov1des the follow1ng analogy to the determlnation of structure '
of the atom. - Consider a field covered-w1th a 1arge tent containing
only a non—living.object.of unknown shape;’size and composition near
- the centre of‘the’tent. A persontat:the,edge of the field can investi-
gatevthe object only by'firing-bullets1intobthe»tent from a rifle.
Shape and size of the object are 1nd1cated by the area from whlch bullets
are deflected and hardness or softness is 1nd1cated by the degree of
deflection. In Rutherford's experiment the scattering of alpha parti-

'cles by gold foil was 1nterpreted to reveal structure of the atom.
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'.ﬁgcéhtohrMifflin (p.:153) provices a phctcg:aph of tracks of alpha:
pafticles-as observed in a cloud Chemher and a correeponding diagram
that indicetes'the eftect of nucleus-alpha particle repulsicn‘on the-
péth of the alpha particle. |

,Raytheon ccmpares interaction of light with chemical coﬁpounds
to travel of e'car eiongAa’road._‘if:thefrcad has many deep ruts, much
of the car's.energy is scettered_or-ebsorbed by.the road as the ruts
- ate mace deeper,~whereas'very little-energy iskabsorbed by a smocth

road. »Similatiy, a chemical‘substance,will ebeorh some'ﬁavelengths
erlight-and'trahsmitvethets{ Water coee not absotb much of the energy
that a television»stetion sends.out;since'the.television‘set operates
normaliy durihg a rainstcrm.. However, weter'tapohr in the air does
absorb 1nfrared radlatlon from the sun so that much 1nfrated radlatlon
never reaches the earth | |

Spectroscopic and difftactionbmethode to determine*ﬁclecclar
structure are.compared in Raytheon. X-ray clffractlon end spectroscoplc
methods are descrlbed in all vers1ohs except Houghton leflln. Neutron
1'd1ffract10n is mentioned in Raytheon. ‘Prentice-Hall and Raytheon refer
briefly‘to eiectron diftraction;‘ A summary table,on spectroscopic
measurementsfis_pfovided in Raytheon'aldng withkinterpretetion of infra-
- red spectra of-the isomers ethyl alcohql éndrdﬁnethyl~ether.

Nuclear maénetic reecnance (MR) is'desctibed only in Prentice-
vHell and Raytheon.. When a compound'is placed’ih a magnetic fieldac‘
ihformetion about 3pecific‘bonds can be quickly obtained using NMRt‘

* Nineteen questioneAtest students'»knohledge»of atomic and mole-

.cular structure at the end of Chapter 14 in Freeman. Raytheon provides
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ZLVQuéstions, of-whicﬁ 9 are ff$m Freemép._1Iﬁ Houghton Miffiin, 13 out .
- éf 20 quéstions are from Freeman,,aﬁd Pfeﬁtice-Hali has takeﬁ 34 out of
49 questions from Freeman. |
Laboratory. work in allvV¢rsions except Houghﬁon;Mifflin éoﬁtains
an egpériment to give pfacticg:iﬁ,constrﬁcting'g model of aﬁ unseen
object contained in‘a'éeéléd box,.'An expefiment to demonstréte thé
quanfitatiVeirelétiéﬁship between the number nyelectrbns and:aﬁoms‘
".deposited.during»electrolysis is‘inclﬁded,in all four Qersiéns. .Copper
is platéd ét ?he ca;hode énd‘silver at fhe anode ; using a current of 1
ampere throﬁgh the cell for 30 minutes. The Raytheon manuél éuggests
'thaﬁ_contactbbétweén.ahode,and cathode;canvbe ?révented by.housing»the

., anode in a cylinder made of plastic window screen.




: Summary
- Table 26.

T

-mass spectrometer,

scattering expt. ~

~‘tent analogy

Comparison of Chapter ‘14 of Freeman Textbook with Corresponding Material in the Three Revisions
Topics treated.
: - ' A : : , ‘Chapter end
Version “Atomic particles Analytical ‘Additional exercigses
Freeman e/m calc. for e~ 19 »
Raytheon " Thomson expt. e/m; v Roentgen,.X-rays; avoids "laws"; . 21 (43% from -
: historical models diagram; radioactivity; ' light waves:water Freeman) '
flow chart of discoveries  absorpt. road analogy; waves;
‘ : ' R neutron diffraction; frequency equations
~electron diffraction;
NMR; spectroscopy.
summaryv' :
;7 Huughton' .No . X-ray dlffractlon,' photograph vs.' 20;(65% from -
 Mifflin - no.. spectrosc0py . diagrams; - ‘ Freeman) - :
o ~ . ~alpha-particle : -
tracks -
Prentice- ’ ’e/m calc. for e ; jheteetron;difffaction; 'ulight'wéves:water '27e(67%'from
Hall summary, at. structure : CONMROR waves; frequency Freeman) -
. R equation; error, 22 (73% from
spectrograph; Freeman)
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Table 27, Comparison of Expériments in the Four Versions, Relevant tO‘Chépter

14 of Freeman Textboék_‘

——

Subject Experiment Number

Ziperimént (‘ : ’ 3 Freeman - Raytheon H.M." P-H.
Sealed bbx (iﬁferéntial Ehinkingjb 24 21 14
Elé;trédefosition ‘ 1 '. 25‘ | . 36 (hint)_ S-S.k 13

S0t




106

Electrons and the Periodic Table

The periodic table is explalned in terms of the hydrogen -atom
spectrum in Chaptér 15 of Freeman. Our present concept of electron
' ‘dlstrlbutlon-ln an atom,rs descrlbed,}dlsplacing the impressionsvthat'.
any atom has‘houndary.surfaces'and»that~thevelectronfhas“a_planetary
trajectory;-.lonization_energy'is treated.ashthe experlmental basis
o for understanding chemical trendsvacross'the periodic table. The pre-
sentation of material in Houghton leflln makes few departures from
. Freeman. . Raytheon, to_some extent vand Prentlce Hall especially,
attempt,to integrate the material in thls sectlon of.thelCourse with
'experiences familiarhto all students: | |
‘ Prentice-Hall‘introduced the'relationship between'light and colour
by'reminding thekreader of famillar phenomena~such as‘thevblue¥green
kcolour ofncupric.chloride in.aqueous‘solutlonland the green colour.from
barium‘chloride;exposed to a flame.‘aBohr‘assumed that when electrons in
a high energyfstate move'to a lower energyzlevel, spectral lines appear.

Energies correspondlng with lines on the spectrum of the hydrogen atom

' 1nd1cate that there are 1ntermedlate energy stages for the hydrogen

atom between the ground state and - the 1onlzed state. (Raytheon, p. 142) .
_The relatlonshlp of the v131ble hydrogen spectrum to the full electro-
magnetlc spectrum in’ terms of wavelength spans is shown in a colour |
plate in Houghton' leflln and Prentlce Hall ~ For each'of ‘the four~
’_{-11nes in the v151ble spectrum of . hydrogen Houghton leflln lnd1cates

the energy of the photons, frequency and wavelength.e Freeman and
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VRaytheon show only the visible hydrogen spectrum on‘their colour plate,.
giving energy of photons for each line. Three models are prov1ded for
energy ‘levels in the hydrogen atom. Freeman and'Houghton Mifflin re-
: present energy - 1evels for the electron as 1rregular1y spaced notches
‘on the beam of a triple beam balance. - Raytheon compares the energy
states of the hydrogen atom to a staircase.v ‘Each step represents a
g different-energy state. If the child climbs hlgher his potential
energy increases as he does work to go up. If the child jumps down,
‘hls potential energy 1s converted to energy of motion and then to heat
and sound as he 1ands. ‘HlS position always»changes-by an integral’num-‘d
ber of steps. There is no way to move up or down by one-half or one-
third of a level The steps get smaller the higher up this staircase
he goes. | | | |

Prentice-hallfs.nodel consists of a modernistiC'bookcase with a
large paperweight on the,bottom shelf,-corresponding with the system at
its Towest energy‘state or‘"ground'State"; If the'paperweight is pickedrr
up and moved from shelf 1 to shelf 2, work must be done to 1lift the -
‘weight.’ If the paperweight falls from shelf 2 to shelf 1, energy w1ll
bebreleased. There are no 1ntermediate levels between the shelves; Tf,-
a weight were'to‘fall from sheif:3 to Sheif 1, more‘potential energy
would be conyerted to kinetic energy~and then to heat. Thus, heat re-
:flease as the‘weight drops to a lower ieyel corresponds to energy re-
~leased as the e1ectron-in an excited atom'dr0ps to a 1ower level of
energy. It is mentioned that the bookcase model is imperfect since

Aenergy of a paperweight on a bookshelf is all potential energy whereas
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energyhof an-electronhin leVel-l;oriB of:the hjdrogen atomvconsists of
both potentlal and kinetic energy. Thls criticism could be applled to
the energy—level models in all four ver51ons. However the stair and
bookshelf models are more representatlve of . energy 1evels in the hydro-
gen atom than are notches on- a. horlzontal beam since 1nput of . energy is
requlred for tranSlatlon of partlcles in ore. dlrectlon and output in 5
the 0pp0$1te d1rect10n._ |

‘ Schrodlnger S quantum-mechanlcalveduatlon which descrlbes how
:the probablllty of finding an electron. changes from place to place is
given in Raytheon. A 51x-p01nt‘summary of the modern concept of atomic
structure is prov1ded in the same version 'w1th the authorlty for each
statement.; |
The electron cloud in an atomlc orhltalhls.represented in all ver-'
sions -except Prentlce Hall as resembllng the. holes in a darthoard The
probablllty of flndlng a hole increases as.one approaches the bull's eye,
7 Just as’probablllty of f1nd1ng an electron at.a partlcular dlstance from
the nucleus can be determlned from propertles of the orbltal that con-
) talns the electron. Prentice- Hall compares the atomic: orbltalvw1th the“
area around a bird-feeding station*in.a large, snow-covered park.in ‘the
dead of winter, where there is only one b1rd. The -park and bird are
photographed every 5 minutes throughout the day Then, negatives are
~super-1mposed on each other with the feeding statlon‘always at the same
point. The darkest areas occur where’the bird spends most time, which -
_is<around the feeding station'for a normal bird. The bird's motion is
more representative of thefdegree of randomness and continuityAin elec-

tron-motion than is the movement of a dart.
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Prentice-Hall is the only version Whlch gives an explanatlon of
the nature of light waves, beginning w1th fundamental observations of
a rotating magnet- that produces wave-like motion of a- compass needle,
and of a mov1ng charged plate that‘causes a chargec metallized styrofoam
ball to sw1ng. The motion of a charged body generates a magnetic f1e1d
as well as an electrical field as exemplified in an electric motor. It
was correctly predlcted in the latter part of .the nineteenth century that
if a‘charged body is- speeded up ot slowed down. osc1llating electrical
and magnetic fields radlate from the charged particle at-a veloc1ty of"
3 x 1010 cm/sec. The»function of telev1s10n»and radlo transmitting
stations is tolpump electrons up and down an‘antenna atvchanging rates,
causing electromagnetic waves‘to break_away and travel through'space'in
all directions. AAradio or television setdcan‘convert the waves.to
sound or pictures."Prentice—Hall describes the colouriof compounds as
_ resulting fron'movement of electronsfbetween'leVels of different energies, .-
prodncing electromagnetic navest‘ | '
Prentice-Hall is the_only'version which ﬁentions that two.electrons
in a given orbital.sPin~in opposite directions. Diagrams of energy levels
“in both Raytheon (pn; 152-154) and Prentice-Hall (p; 397) indicate that
‘as atomic number goes up, electrons‘enter’higher energy orbitals, andr
- energy of the 1ls or Zs‘level decreases;consistently from hydrogenito
‘neon as_all electrons are pulled'closer to the nucleus.
-Freeman‘provides 16 qnestions examining‘students' knowledge of
electron properties. .In Raytheon,'Houghton Mifflin and Prentice-Hall,
respectivelf, 11 out of 18 cuestions, l6 out of 32 questions, and 17

out of 22 questions are taken from the Freeman version.
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The practical work on analysis for anions can be done along with

Chapter 9 of the Raytheon textbook. Reactions of sulfate, carbonate,

chloride, and iodide ions are included in the experiment.




~ Summary

- Table 28.

effect of incr. at. no.

" ‘electron spin

f:»cqloured cpds’

Cdmparison_of Chapter 15 of Freeman Textbook with Corresponding Material in the Three Revisions
- ‘ — - : : — == —— e —————————————
_Topics treated ' '
. v : S : ’ Chapter-end.
Version Energy levels Orbitals Additional - exercises
Freeman' '  notched beam model dartboard model 16
Raytheon staircase model; Schrddinger eqn.; ~ expt, #23 18 (61% from
: : effect of incr. at. no. ~at. struct. summary;  (anion analysis) Freeman)
‘ ' : ' dartboard model ‘ ‘
‘Houghton electromag, spectrum, - dartboard<modél 32'(50% from
Mifflin - detailed diagram; ' ' Freeman)
notched beam model : '
Prentice- bookcase model; . bird'mddél;  nature of light 22 (77% from
Hall waves, TV, radio, Freeman)"

TI1
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Molecules in the'Gas Phase

:_All chemical bonds result from the simultaneous attraction of
electrons to two nuclei, according to'Chapter 16 of the Freeman ver-‘
sidn. -Directions are given'for prediction of the number of‘bondsithat‘
-can be formed by an atom in the first threée rows of the periodic table.l
Predlction of bond angles and bond character are explained Prentice-
';uaHall s.presentatlon of these t0pics is most meaningful particularly in
.1ts 1nc1us1on of the valence shell . electron- palr repulsion theory to ex;
‘plain relative sizes of bond angles.‘ |

Diagrams‘of'attractiVe and repulsive forces operating within andk
,betweenAtWO hydrogen atomsbthat.approachbeach other, are provided with
nobattention givenbtohmagnitudes in ﬁoughton.Mifflinfand Freeman."
Ra&theon describes'crYstai growth in terms of total attractive forces‘
exceeding total repu131vevforces among the ions. present but provides no
Freeman-type diagram. Prentice Hall (p 404) does not compare numbers of:f
attractions and repulsions‘between‘two‘hydrogen atoms in specific numeri-,,:
calAterms but_states that "experimentvshows that_the attraction terms arei
greater -- a‘stable chemical bond is formed”t Thus, the Prentice-Hall
authors have not overdone their emphasis on the "discovery" aporoach.

Bond formation by the overlap ot tno'orbitals containing a total
of one electron is descrlbed in Houghton leflln as weak bondlng resulting
in a reactive molecule.. An example of this type of reaction is the union
of a hydrogen atom and hydrogen ion to form a Hz ion. Freeman (p. 290)
prov1des spec1f1c values of bond energies to show that a bond formed

between two atoms that have very different ionization energies tends to
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bevstronger than'anbond between atoms thatvhave similar ionization

energies. Raytheon is the only ver31on that does not - supply a chart

' 'show1ng variation in bond type w1th difference between 1onization

energies of atoms present in a;molecule._vIt is 51mply stated'that
- ionic bonding results from loss or gain of electron(s) by an atom. to
attain electron conflguration of'an 1nert gas (Raytheon p. 170).

Covalent bondlng occurs between two atoms whose ionization
energies are of Slmllar magnitude and whose orbitals are partially
l filled (Freeman PP- 279, 289) A dlagram showing the drop in. poten--
'tial energy as two hydrogen atoms approach each other w1th potential
energy reaching a minimum when the atoms are the bond length apart and the
covalent molecule forms, is shown in Raytheon (p- 172). .The latter is-
. the only version wh1ch does not eXplain»the promotion'offa»Zs electron
toba 2p orbital in the carbon atom in- order that Stablllty can .be maxi-
mized in formation of covalent compounds. _‘ | [

' Electron dot models of bonded atoms are clearly shown in Prentlce-

' Hall (p 410) w1th electrons of one ‘atom as green dots and w1th black
dots for electrons of an atom bonded to it. -Freeman‘shows them all:as’
| black dots;.f o

Ev1dence is presented in Raytheon‘(p 184) for the existence of
-a double bond in the oxygen molecule. It 1svment10ned that other experi- L
mentalimeasurements indicate that there are two unpaired electrons in the
oxygen molecule. A complex model‘has been dev1sed to explain the pro—
:.perties of oxygen. |
|  Prentice-Hall (p.‘410)‘defines a "free radical".as a molecular

.species'with5a half-filled valence orbital. - For‘example,.the HO unit
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ls'the hydroxyl radicalrand:hasvnoielectrical charge,'whereas OH™ has
no-anpaired electronsband‘is classed as an ionﬁsince lt is chargea‘
Honghton leflln (pp. 255 647) 1dent1f1es a radlcal as a group of atoms
that acts as a s1ngle atom and 1nd1cates that radlcals may have electrl-" :
cal charge. By the Houghton leflln definition, OH™ ‘may be called an
ion or a radlcal. Thus, the 1nterpretat10ns of the word "radlcal" given
in Prentice-Hall and Houghton Mifflin_are'contradictory; The activity
of the radical, BF3,>with ammonia’and wlth fluoride ion is described in
'Prentice—Hallb(pp. 414, 605).

Shapes of second—row'fluoride’molecules, such as NF3, are des-
cribed in Raytheon'(bs 339);> Since’the bonding ls the b3 type, one might -
expect the bona angles to be 90° each.h;Experimental measurement indi-
cates an angletof 102o ana no reason:is given for the deviation; Prentice-
Hall (p. 418) is the only version whlch presents an explanatlon, in the'
theory that "the arrangement of - atoms around any glven central atom 1s
determlned prlmarlly by the repu151ve 1nteract10ns between electron palrs‘l'
in the valence shell of that atom".h For example ‘the electronﬂpairs in
the C ﬁ bonds in CH4 move as far apart as possible and the tetrahedron
results. Freeman (P';292) states that "sp3 bondlng (of carbon) always
gives bond angles which are exactly or very close to tetrahedral angles",
- without explaining»why. |

Prentice-Hall alsoldescribes.hybrid orbitals. for example, in the
oxide ion, one 2s orbital and_threewzb-orbltals have hybridized to form -
four identical orbitals such that.the central axis of'each orbital makes:

an angle of 109° 28 withvthe.central axis of every other orbital to
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achleve max1mtm dlstance between the electron clouds.: When a proton
approaches an orb1ta1 of the ox1de‘1on the electron cloud which re-
sults from the bond that forms is shrunk in diameter (becoming lenger‘
and.narrower); To fcrm water,'two protonsvbond tohseparate orbitals
of the oxide ion forming two shrunken'orbitals Which are forced cieser
together by the'spreading out of;the‘free electron ciouds. Thﬁe, the

o

H-0-H bond angle in water is 104° 30'.

“In FzO,ethe F-O-F angle of 103° resnlts from the stronger attrac-

tion of electrens:to;F‘than tO‘hflhhThe eleetren eloud'in the‘bonding’
,orbital’stretChee out and_éhrinks in diameter even-more‘than’in the
water molecule;.thus allowing the exnanding‘clouds of free electron
pairs to push the bonding erhitals closer together. Directions are
gihen‘fornprediction-of molecuiar‘geometry“(Prenticé-ﬁall;_p. 422).
Triple bonds are descrihed<in all»versionshexcept Freeman. |

At the end of Chapter 16, Freeman prov1des 21 questlons examlnlng

student knowledge of.gaseousvmolecules. In the rev131ons, 10 out of 25

20 out of 26 and '19 out of 24 questlons are taken from: Freeman for the .

Raytheon, Houghton leflln and Prentice-Hall'versions respectively

The Freeman and Prentlce Hall ver31ons contain one expernnent

that is scheduled with Chapter 16 of Freeman --an investigation of some

properties -of a pair of cis-trans isomers.




' Summafx

- hybrid orbitals; bond angles . = .

. Pfree radical" defn.
" contradicts_H M

Table 29. . Comparison of Chapter 16 of Freeman Textbook with Corresponding Material in the Three.RévisiOns'
Topics treated B
AR S ‘ : 3 S Chapter-end
Version Bonding Additional ‘exerciseg -
Freeman force diagrams; isomers expt, 21
IS bond energiles - (#26) ' -
Réytheoﬁ no ioﬁiz-energy diff,: omits electron 25 (40% from
. bond-type correlation; promotion in Freeman)
P.E. diag. for bond carbonj Og :
formation molecule structure .
. Houghton force diagrams "radical" defn. 26 (77% from
CMifflin ’ ' ' S ' : : ' Freeman)
- Prentice- vactivity of BFg3: ' S isomers expt. 24 (79% from
Hall electron-pair repulsion theory; (#8-9) 3

Freeman)

911
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Bonding in Solids and Liquids

Theiroleé of van dernwaals.forees; h&drogen bonding, covalent
.bonding,»and metallie bonding in_thefcondensed»phaSes ofvmatter*are
‘enplained'by.bhapterh17 of.the Freeman nersion. Properties'of ionic
~solids are investigated.: Each of the revisions. nakes naluable addl-‘

tions to the material found - 1n the Freeman version on the topic of.
eondensed phases. Raytheon prov1des the descrlptlon of alloys that
is.most:relevant to‘modernv11v1ng. Both Prentlce Hall and Raytheon
contain thorough descrlptlons of crystal structure types.- The Prentlce-
‘Hall version gives the most 1nformat10n about boron and graphlte.,
-Houghton leflln‘suppllea valuable 1nformat10nion the properties»of
salts.” | | | -

Van,der-Waais forces become effective in noble gases'that are”
greatly cooled or compressed, when theveleetron;distributton changes'
from symmetrlcal to non—symmetrlcal produc1ng a‘nomentary electr1ca1
73d1pole (Raytheon - 334). Attractlvetforces between atoms ‘arise from »
' ;nteractlon ofathe—dlpoles andvcanse 1iquefacti0n and solidification;

Paraffln and ‘glass are descrlbed as veryvv1scous llqulds in the.
Houghton leflln.vers1on~ Glaas lacks the regular pattern of a solid

and has the capac1ty ‘to fiow as ‘revealed by w1ndow panes which have
become thicker.at-the‘bottom and.thinner atbthe top in response to 
gravitf. ‘ |

.Raytheon_(p; 337) descrihea molecular solids such asvargon;'
.ehlorine,.and.yellow.nhOSPhorus} as containing:direetional bonds,

with valence electrons closely associated with a particular molecule,




118

) resolting ln poor electrical’conductivity;_ Crystals of molecular'solids
are soft.because the‘inter-molecular forces are meakQ |
In all versions exceot‘Prentice-Hall,‘network silicateS'of the
l-,,2f,‘and 3- dimensional types are'described.. Prentlce -Hall does pro-
vide theffullestvdescriptlon of graphite a layered network SOlld com- -
posed‘of carbon. The orbitals that are used for bondlng form a double
‘bond and two 51ngle bonds to each carbon atom. Electrical conductivity_ :
along layers of graphlte 1s attrlbuted to.delocallzatlon of electrons s
in the double bond, so that‘they are*free to move between.atoms in the
_ sheet There is another theory that - the p, orbltals on adJacent carbon _
atoms overlap to make glant orbitals called 7Vorb1tals, extendlng over
the whole sheet. Electrons;can:move‘freely over the sheet in'ﬂforbitals.
| Atom-oacking in solids is:deScribed in greatest detail in l
PrenticeeHall'and_Raytheon'versions. Minimnm energy‘is'achievedvin a
‘-.solid:Where allbatoms are-identical by closest packing. The' body-
' centred-cublc geometry of alkall metal- crystals is descrlbed and shown
in dlagrams as well as the hexagonal close oacked arrangement displayed .
: by some alkallne earth. elements. The structure of alumlnum crystals,
'known as close-packed. CublC,vlS also reoresented
”Freeman and Raytheon prov1de the most.information about»alloys.
A table of the compos1t10n and use of seven common alloys, including
nlchrome bronze and ‘stainless steel, -is supplied by Raytheon. A chart
of copper alloys show1ng the per cent compos1t10n and the conductlylty
lof each one, is given in Freeman.
.;Raytheon accountslfor the electrical.conductivity of molten

: salts_being lower than for a typical metal. 1In a metal, electrons are
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responsible for transPort of;electrical'charge;vvTheyihaveﬂmuch smaller
'mass and therefore move at higher Velocity’than the ions that must move
tohcarry the charge in molten salt. | |

Structures such as NO3 and CO3 T are classcd as‘polyatomic'ions

in Houghton Mifflin (pp. 235 236). ’Their stability results from a
noblefgas electron configuration. The;structure of the nitrate ion‘is
described in detail.

l_Houghton-Mifflin contrasts the behaviour of metals and ionic
solids subjected to stress. In a mass of metal, one layer of atoms can:
slide past another and the mobile sea of electrons flows to maintain co-
hesive force between the layers.  When layers of an ionic‘solid slide
over each other so that theupositive ions of one layer reach a position
directly opposite the pos1tive ions in another layer negative ions are
: against negative 1ons. The tremendous forces of repuls1on,cause the
crystal to crack along‘the plane between the two layers,

lhe lowering of freezing point by a solid dissolvedvin water,

the depre531on being‘proportional to the number of dissolved particles
in a given weight of water is described quantitatively‘invHoughton
Mifflin (p. 241). The freezing‘point‘ofbwater is lowered 1.86C° for
each mole: of solute particles_in solution in 1 kg of water. This regu-
. larity is applied ior determination of molecular weight and for deter-
mination‘of how many ions are formed by each formula unit of an ionic
compound when it dissolves.

~In accounting for solubility of solid sodium chloride in water,

Prentice Hall (p. 453) considers the factors of minimum energy and maxi-

mum randomness. The dissolv1ng process is endothermic with a aH value
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Qﬁ.+0.9'kéai/mole; fThe‘iﬁcrease in réndomnes%_expréssed'in energy
terms. amounts.fo';8:4.kéai/mole;‘ Tﬁﬁs,v;he ﬁet energy value favoﬁrs
soiution,
| Boron is~describ¢d in Prenticg-Halll(p. 448, as an element that

has not eﬁough valence electrbné;to.fﬁrﬁfﬁetwofk'$olid§ as carbon does, -
and not~eno£gh empty 0rbitaiskand'éasily:aVailable.elecﬁgbné‘to,bond
liké a metal. The Structurélvunitvin‘ail,forms,of boron is a ciuster
'of'12'a£oms calléd ah.icosahearén. Within'éach‘cluster,,electrons are
delocalized but between‘clusters:there ére>normalbcovaient bondé._ Thus, -
boron is neither-a-ﬁetal an a non-metal. The formation of b§ron
hydrides is descriBedy

Freeman provides 16 questions tovexamiﬁe'student kﬁowledge of
coﬁdensed phases.k‘In Raythéon, HoughtonvMifflin, and Prentice-Hall
Versions,vrespecfively; 18.out'of723,»15 ou#f6f>2O; énd 16 oﬁt ofiéo
questioné are takeﬁ from thq Freeman Versi§ﬁ;? |

vEgperimental Qork in-ail Versi§ns‘iﬁcludes‘aFStﬁdf of the paéking

of atoms or ioms in crystals, involving construction of styrofoam models.




Summary

- boron structure

NaCl solubility

Table 30. Comparison of Chapter 17 of Freeman Textbook with_Corrésponding Material in the Three Revisions
- Topics treated . .
: ' Chapter-end

‘Version Bonds and forces Additional exercises
Freeman alloys‘ 16

Raytheon dipole in rare gases; crystal stfucture; 23 (78% from

o .molecular~solid alloys; conductivity, Freeman)
- properties molten salts vs, metals

‘Hbughton ‘properties of glassj . : _ polyatomic‘idns;-~k : 20 (75% from
Mifflin effect of stress, metals vs, freezing point depression ‘Freeman) i
' ionic solids ‘ ' »

Prentice- no network silicatéé; ..crystal structure; 20 (80% from
Hall graphite in detail; -

- Freeman)

%
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' Table 31,. Comparisbn‘of Experiments in the Four Versions, Relevant to Chapter 17 of Freeman.Textbook

o

e

e —————— :

;Subject Experiment Number

of o R R S DU o
“ifexperiment Freeman vRaytheon "H.M, P-H.

‘Packing of atoms or lonms S 27 38 9 31

r4A S
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CHAPTER V
DETAILED COMPARISON OF FREEMAN VERSION WITH THE THREE REVISIONS:

DESCRIPTIVE CHEMISTRY

The last eight chapters of the Freeman version are devoted to
descriptive chemistry. CHEM Study philosophy minimizes attention to

purely descriptive aspects such as the structures of common polymers:'

~and drugs. The emphasis is on applicability of -chemical principles to

_the groups of elements and'compounds studied.

Chemistry of Carbon Compounds

There are three main aims in the presentation of organic chemistry

by the Freeman version. It,should'be shown that structure is important

ated with generaibtypes of behaviour, and that certain patterns of breaking

'~ old bonds andqformation_of new bonds cheracterize-organic compounds; The

- three revisions contain no major changes from the Freeman version, but

understanding of organic chemistry.

The addition of an odorous sulfur-containing compound to methane
- for cooking and heating is explained in Houghton Mifflin. Such an im- -

purity is required by law for safety in commercial consumption since

methane is colourless and odourless and does not support life.
Comp051t10n of modern gasollnes is descrlbed in Houghton leflln._

The main components are medlum and llghter compounds produced from frac-

123

in determining chemical behaviour, that "functional groups can be associ-

they have included a few additional facts that may.increase the reader's -
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'jdtional distillation of crude,oil;ihTetraethyl‘leadhisvusedvto improve
_the”burning»qualities;'~Processes such:as'alkylation_and'catalytici
cracking improve qualityrand yield of gasoline respectiyely.>

Freeman and Prentice-Hall descrlbe in detail the reaction between‘
methyl- bromide and the hydrox1debion w1th molecular models‘and poten-l'
tialvenergy grapthto represent stages inithe mechanism offthe'reaction;”

"~ Nuclear magnetic resonance (nmr)vspectroscopy is a technique sug-

gested in. Prentice-Hall for determination of the structure of 1somers..l
For'example,.ethanol.isvan isomer of,dimethyl ether.r The compound
CH3CH20H known as ethanol, has three different nmr. frequenc1es, reore—
senting hydrogen atoms ‘in three different pOSitions. For dimethyl ether
.‘CH3OCH3,'only a 51ngle nmr frequency should be observed,A81nce all six
Vhydrogens are 1dent1cal -

Tables displaying regularities in names- of”Parent alhanes and .
their derived alcohols, amines, ac1ds, amides, and methyl esters are in .
ball versions, except Raytheon. (None ot the four versions is explicit
enough in p01nting out the regularities ) vSpec1es containing one, two,
7three,;four,'and eight carbon'atomslper:molecule are 1ncluded in the
“tables. There is a misrepresentation in Houghton Mifflin (p.-562) of
.~m01ecular models of alcohols, aldehyde ketone, and carboxylic ac1d.
‘Four bonds should be shown associated uith‘each carbon atom.

Quantitative data for the benzene ring structure are pr0V1ded by
Raytheon. The - distance between adJacent carbon atoms in a benzene ring -
:1s 1. 40 Angstroms, as compared with 1. 54 Angstroms and 1. 33 Angstroms

»between adjacent carbon atoms in ethane and ethylene respectively This
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syggests that the carboﬁ-to-cérbqn bond in benéene is iﬁtermediaﬁe
between a<éingle:bond and.a d§ub1e boﬁd.‘ Rayﬁhebﬁ’represents beﬁéene
by:a hgxagén*with an enclosed circle. Ail other_versioﬁs.make greater
usé of a hexagonal symbol with alternate bonds shown as double bénds.
However, they do mention that.experimentéi.evidencé,sﬁéﬁé that‘ali six
“bonds are identical. | L

The "¢ cloud" of delocalizéa éleétronsxlocaféd‘éfbve'and“below
the benzené ring's surface ié deééribéd in P}entice-Halla " The electrbns
in the 4+ cloud move all around the'benzene,ring. Aromatic compounds
are defined as thoée compoundsvcontaining rings with delocalizedteieé—
trons.

' Raythéoh describes the structure of the énzyme lysozyme, which
increases the réte of'decompbsitioﬁ of polysacchéridéé in bacterial
walls.' In 1966, lysozyme was foﬁnd to‘conéist‘bf:a éhain of;129'amino
aci&s, partly coiled and partly uncoiled,»aﬁd»goﬁtaining 1,940 atbms
per mblequle. | | 7

At the end of Chaptefle,»Freeman:p£ovides 22 quéétions to.exa-
mine the'étﬁdent’é knowledge.of orgénidlchemisfry;: In the correspondipg,
chapters in Raytheon; Houghtéﬁ Mifflin;‘and’Préntice—Héll, respectively,
14 out 6f_25,.21 out}of 33,‘and 224oﬁ£vof 24 questions:afe»faken froﬁ
1Freeman. | |

Experimental‘Qbfk in all versions includes a study of some reac-
tions_of hydrocarbons-aﬁd of~a1cohols.‘ ﬁayfheqn,égain directs that tri-
chlorotrifluordethane;(TTE) should be used as a solﬁéht,instead of carbon

tetrachloride, for safety reasons. Raythéon'énd Prentice-Hall provide
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structu#aliformuias:of alcoﬁols.and hyd;bcérbéné used in the eipériﬁent,'
~ which gives their'présentétioﬁé greaféétjciarity; They also inclﬁde a
~§ote of.caution'regafding'theaﬁse'of sodium.

.Another'experiment contains procedures for prépérationfgf deriva-
tives of organic acids. - Preparétipn of ethfl aceﬁate is_oﬁtliﬁed ih all -
Jversions._ Houghton Miffiiﬁ and Freeman.give dirééticns for prep?ring.
acetamide, andrRaytheon'deséribes preﬁa;ation of metﬁyi salicylate. 'Al1‘T‘

versions:except Raytheonvcontain a proéedure for preparing some polYmers.-




.:'Summarx
Table 32. - Comparison ofFChapter 18 of Freeman TextBooR with_Corréspdndiﬁg Material in the Three Revisions

— - = — ' —— — — — =_.——.'.==__-—_---_=='t
) : o . Toplcs treated ' ' : ’

o ) : : o » . v ‘Chaptef-éﬁd'
Version s ' Aliphatic - . ) : Aromgtic exercises
Freeman o ~ CHgBr + OH™ ' S S 22
- Raytheon ‘ " no tables of regularities C6H6.bond.1engths; 25 (56% from
' ' : in names; lysozyme . symbol:circle in hexagon Freeman)
Houghton .' ~‘> CHy safety; - - ‘ . A " - 33 (64%'ffom_
Mifflin , S gasoline compositiony L ‘ S .~ Freeman
o ’ ' error. p. 562 models ' -
Preﬁtice- ' BT CHqBr + OH ; S - 7€ cloud, delocalized e” 24 (92% frbﬁ"
Hall o - .. nmr to identify isome: ’ . o ST : : Freeman)-__.

121




Table 33. 'Comparison of Experimehté in the Foﬁr'VeréiQns,‘REIEVant té Chaptér 18 of the Freemah»Textbook -

~Subject - : c S _ - Experiment Number -
of . . ' o ‘ S S ‘ v v o
" experiment - : - Freeman : ~_Raytheon .- H.M, . ' - P-H.

rReactiéns,_hydrocarbons + alcohols 28 > ..... 39 = D 27 s S 32

Prep. org. acid derivatives 29 o 40 . - s-6 - . 33
S . : ‘ " acetamide Me salicylate ~acetamide

Prep. of polymers ' , }vi - 29a : o o 28 o . 8-10

821
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Halogens

Similarities andzsystematic differences are displayed by the.
elements in-column VII of the periodic'table. Atomic structure and
chemical pfoPerties of the halogens are described~in Freeman and -
Houghton Mifflin; whereas-Prentice—Hall-deals almost exclusively with
structure and'dimensions of the atoms and ions. Commerc1al uses of
halogens are explained more thoroughly in Raytheon than in the other
verslons. |

The CHEM Study Steering Committee dec1ded to Omlt the Bohr model
of the atom from their textbook since that model is now of historical
value only. However, the revision published by Houghton Mifflin (pp;
440 441) contains Bohr models for the four llghtest halogen atoms. Pos-
sibly such a rever31on to the traditional form will inhibit the student s
learning of the_modern model. _‘ |

The influence of electron configuration on bonding behaviour is
.desctibed only in Freeman and HouéhtoniMifflin. Twoiatons of a given
halogen hond together covalently but alhalogen atom forms an ionic bond: -
with an alkali metal.

| Preparation‘of'fluorine»gas,by electtolysis of KHF9 is described.
in Raytheon. A copper reaction?vessel‘is suitable since a resistant
.1ayer‘of copper (II)‘fluoride forms and protects the nnderlying metal
" from rapid corrosion. .Industrial preparation of bromine from sealwater
is explained only in Freeman. |

Dissociation constants for conversion of halogen molecules at

- 1000°C to uncombined halogen atoms are provided only by Freeman and
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Houghton-Mifflin; The constant is greater for 1od1ne than.forvchlorlne -
-‘31nce iodine's bond energy is smaller. Bonding electronsAare farther
from the»nucleus in the iodine atom,. since it is a-larger.aton‘than
chlorine. ‘Electrical forces of attraction between the iodine nucleus.
and:valence eleetron'arevsmallgvtherefore; hond-energyvin a~covalenth
lodine molecule'isylow and»dlssociation,oecurs readily. |

The use of iodide ion s a redueing agent and free'iOdine as an
oxldlzlng agent for: quantitatlve analyses is descrlbed only in Freeman
and’ Houghton leflin. They are the only versions that deal Wlth dlSpro-v‘
portlonatlon and the effect of hydrogen—lon concentratlon on . ox1dation
of halogens.

PrenticefHall explains‘that differencesvln nuclear pull result in .
negative'ions being larger'than positiye ions or neutralnatomslthat héVé”'
the same numbervof electrons;v The radlus asslgned to an .atom is deter-.
mined by the. bondlng s1tuat10n in Whlch the atom ‘exists. .Possible measureef
ments. 1nclude.cova1ent radius, van der Waals radluS,bmetalllc radius, and
ionic radius. Pos1t1vevox1dation states;of halogens_and thepproPertieg
of fluorine are described infallfversions eXcept Prentice—ﬁall

MaJor'uses of halogens are llsted 1n a table in Raytheon (p. 389)
The use of silver btomide for black and Whlte photography is explained in

- detail. Photographlc film is a sheet of transparent plastlc covered w1th‘
a thin layer of" gelatln. Suspended inﬁthe'gelatln are very fine crystals
of silver bromide, a salt which on exposure to llght decomposes to silver
metal and free bromlne.' The four steps by whlch a finlshed prlnt is pro-vb
duced from“an unexposed film are exposure, development flxation and

printlng.i Each step'is'clearly explained'in Raytheon,_




o ’ kThe‘carbon-fluorinelbondsvin teflon are -so strong thatvthe'pro—
tective coating on cooking pans shows almostvno tendency to react with
other substances ‘(Raytheon, p. 391). Valves and stopcocks of teflon are
used,extensively for nandllng_corrosive_chemicals,'

| Freeman provides 20 questions which,eiamine the student's know-
ledge of halogens. 1In Raytheon Houghton'Mifflin, and Prentice-Hall:
'respectlvely, 20 out of 20, 7 out of 13 and 16 out of 20 of the ques—
tions about halogens are taken from Freeman. i

Laboratory work . 1ncludes electroly51s of aqueous potassium iodide.

Again Raytheon directs that ‘TTE should be used as a solvent instead of

carbon tetrachloride, since it is much safer. Some properties of—iodide

ion, iodate ion, and free iodine are examined in another experiment.




Summary

Table 34, Comparison of Chapter 19 of Freeman Textbook with Corrésponding Material in the Three Revisions

o ' ' Topics treated o
» L : . , s R o AR o .~ Chapter-end
Version Bonding - Industrial Additional : _ exercises
Freeman e config, effects; ) Brs prep. o ‘. iodimetry; 20
: ' dissoc, constants’ ‘ T - disppoportionapion ‘ ‘
RaYtheon - N » . v‘F2 prep.;', S _“ ' B 20 (100% from -
- , SR S ~uses of halogens: o } Freeman) :
photography, teflon '
Houghton . e” config. effects; V,Z ' o . Bohr models; 13 (54% from
- Mifflin dissoc, constants - -~ - . . o : . .ilodimetry; - Freeman)
' e ’ : . disproportionation ‘
Prentice- V A f; ' : e o ‘* :'~,.: ‘.. : “ion + atomgSiZes;a 20 (80% from
‘Hall ' R R L R : _omits pos. oxid. . Freeman)

states of halogens;
omits'Fz properties

AN




Table 35, Comparison of Experiﬁents in the Four Versions, Relevant to Chapter 19 of Freeman Textbook

Subject - - - _ R o ’ Experiment Number

experiment '_ ' " Freeman : " Rdaytheon . HM, P-H.
Electrolysis of KI(aq) _ R 30 ' o4l - 21 28
Chemistry of iodine o 31 f : 42 : 22 » o 34

€T
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Third’Row of the Periodic Table”

| Changes in kind of properties are evident as one considers the
elements across a row of the periodic table. Physical properties of
the third-row elements range from those typical ‘'of metals to those typl—
cal of non-metals. The variations are related to the klnd~of bond that
' is‘characteristic of each element. ,Gradual decrease in abilit§‘of’an
element to act as a reduc1ng agent and gradual change from basic hydro—
- xide through amphoteric hydrox1de to acidic hydroxide are interpreted
Descrlptive”information about thevoccurrence and preparation of third-
-row elements is provided as_mell; in;Chapter 20 of the Freeman version.
| Raytheon's detailed treatment of third-row elements is'limited,
to investigation of their aCldlc and ba31c properties (Raytheon, PP-
V272 274). Except for some added photographs, the. Houghton leflin
presentation is almost identical to Freeman. In Prentice-Hall ,-material
is carefully 1ntegrated and clarified so that it departs farthest from
‘the encyclopedlc recitatlon of facts' that Freeman almed toiav01d
(Freeman Teachers Guide, P- 659). |
Trends among second ~row elementsvare described briefly in Pren-
tice-Hall, and elements of the thlrd row are. compared with them. Sodium
is compared with lithium in electron configuration, ionization energy,
.and’metallic character. It is observed that for the first three ele-
ments of each row, metalllc character decreases from the element at the
top of the column to~the elements farther down in the column.
Electronic structure of silicon after electron.promotion is shown

in Prentice~Hall. It is suggested that the very small electrical
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_ conductivity of silicon may result’ from a few valence electrons acquiring
enough - energy to be non-localized, perhaps into 3d orbitals. The slight

»conductance makes this element useful in transistors. In describing the

structure of  silicon, Freeman mere1y~states,that”the_presence'of a few
non-localized electrons accounts for the slight conductivity of silicon

and that most of the electrons are localized in covalent bonds.

Prentice-Hall (p. 501) provides a'tablebof‘the first four‘ioniza; '

tion energies»of_the first four elements in rows two and three of. the

- periodic table. A detailed table of physical propertiesﬂof elements of

o

row three is:provided which includes,appearance hardness, melting point,

boiling point, electrical conductance, ductility, malleability, lustre

--density at 25°C and other properties.; There are separate sets of pro-

1
i

‘perties for red phosphorus and white phosphorus. Red’ phosphorus is not
described in the other three versions of. the course.d

) Although’silicon.is»in the:sane'family as}carbon; no form.of~
-‘silicon having‘the planar,structure of graphite,has‘been found.¢*None
of the. third—row elements participates in. multiple bonds ‘1like carbon
and nitrogen do (Prentice-Hall P 502) |

Chemistry of phosphorus is described more fullyhin Prentice-Hall»
than in other’versions. It is stated that in yellow phosphorus, the
- component P4 molecules are held together by van der Waals forces only.
Therefore, white phosphorus'has»a 10wer melting point:and lower boiling
dpoint than red phosphorus; which is a‘netoork solid' JBlack phosphorus
is much like the red allotrope w1th a structure resembling double cor-
rugated sheets (Prentice-Hall, P 503) It is flaky and crystalline

somewhat like graphite.'
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. Structural ‘models of P406 and P4010 are prov1ded in Prentice Hall

- (p. 508). . When phosphorus reacts, electrons must be released (or shared)
from‘atomsvin-the phosphorus molecule not from single atoms in the gaseous

~-state. White phosphorus is the most reactive form, tending to insert an
oxygen: atom between each pair of phosphorus atoms on the edge of the
tetrahedron to form P406° Oxidation of P406 adds an oxygen atom to. each

- of the free electron pairs on each phosphorus atom, to form P4010.

Sulfur forms a diatomic molecule S2, at very-high temperatures,
although third—row elements do not tend to form conventionalAmultiple
bonds with each other.v Solid sulfur cOnsists of cyclic'Ss molecules with
strong van der Waals forces and has a melting point of approximately 100°C.
At higher temperatures, one of the bonds in the ring can ‘break open to -
form chains that intertwine and grow,vas a viscous, almost rubbery liquid
is produced (Prentice Hall, P 504) |

Trends in the second and third roWs are compared.‘ ln the‘third'

Tow, the tendency to form metals. extends farther to the right because

7 ionization energies remain lower. The tendency to form network solids’

extends farther to the right in the" third row since’ there is no tendency
to form multiple bonds. | |
'Definitions of oxidation‘andfreduction‘are clearly reviewed in
'basic terms (frentice-Hall, P- 505)»before the oxidizing and reducing.

capacities of elements of the,third‘row are investigated. The.presenta-

tion in Freeman (.’ 367) does not deliberately integrate the old material :
“with the new and thus it does not facilitate the learning process. In

Prentice-Hall, the mechanism.for oxidation-of solid sodium to sodium ions



137

in‘aqueous solution is mot deve10ped but is left for'more“advanced'courses.:

MAgnesium hydrox1de is described as a weaker base than sodium ‘hydro-

;xide. MagneSium ion, Mg2+ has a greater oxidation number and smaller
size than Nat ion, and thus has;a stronger attraction for electrons. By
the same line of reasoning, one candexplain why aluminun hydroxide is
weaker than magnesium hydronide (Prentice-Hall, P 511){1

A clear;description of possible bond breakages in MOH (where M
'represents an'elenent from»the third:row‘plus'unspecified;oxygen and OH
groups) is provided,by Raytheon-(é;-272j.< If the element.has a low.
ionization energy , electrons‘are released to osygen. Therefore;‘sodium
hydroxide and-magnesium hydroxide arefstrong bases. If'the element'has
a high. ionization energy, it has a- strong‘tendency to attract electronsbv>
' from the oxygen atom. Therefore, the oxygen atom is less able to bind
the proton. This behav1our is represented by the strong aCids, Ho SOy,
‘and HC104, which readily liberate protons.;f.w

A rule of thumb is prOV1ded in Prentice Hall (p. 513) for esti-
‘ mating the approx1mate 1onizationfconstant‘of an acid fron;the number
- of oxygenvatoms‘attached to the centrallatom_of-the acidg:.There is a
" regular decrease.in strength of the'h&drogen-oxygen_bond~as we proceed
~from hypochlorous to perchloric acid. |

The methods of preparation and'occurrence in nature of third-row
elements areinot described in Prentice—Hall; Photographs of Great Salt
Lake flats, flooded for extraction of sodium chloride, ‘and of molten_v
sulfur pouring from the discharge'pipe of a sulfur well'are prorided“by

Houghton Mifflin.
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of third—row'elementé; In Houghton Mifflin and Pfentice-Hail,lrespecf

tively, 22 out of 26 and 17 out of 20 questions are taken from Freeman.

Laboratory work in Freeman and Houghton Mifflin is a éompariéon .

-of relative acid-base strengthvof the hydroxides of row three‘of,the

periodic table. The same investigatioﬁ is designed as a demonstration

/
in Prentice-Hall.

Freeman suppliés‘l7 questions to.examine<the'étudent's knowledge =~ =~ =




"Summarz

“ Hall .

detailed table, row 3; ,
no multiple bonds, row 3;
phosphorus -networks;
molten S structure

formation; _
strengths of acids

+ bases;:
omits prep. and .

'source of elements

Table 36. Comparison of Chapter 20:9f'Fréeman Textbook with Corréépdndihg Material in- the Three Revisions'
- Topics treated
S ‘ o Chapter-end -
Version Phys. properties Chem. properties exercises
Freeman . omits red P 17
Raytﬁeon ' ~ (acidic + basic
. . properties only)
. Houghton photographs: 26 (857 from
Mifflin salt mine, salt Freeman) ‘
o flats, molten S
-Prentice- comp. with row 2; P406,~?4910 .20 (85% from
3d electrons of 8i; struct. models + Freeman) =

6€1




Table 37. Comparison of Experiments in the Four Versions, Rele_vant to Chapter

20 of Freeman Textbook

-Subject - Exv'eriment Numbex

of = .- : o ‘ S

experiment Freeman ~ Raytheon H.M. B-:H.
Thirdfrdw elements 32 24 Dem. 22

oy
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Second Column of the Periodic Table

Application of principles in the study of alkaline earth elements
is.the intent of Chapter 21 of the Freeman version. Trends shown in the
structure’of the atoms and'in ionization energy are investigated. Atten- :

tlon is given to ba31c propertles of ‘the oxides and solubility of the .~

salts. Commercial sources of.second~column elements and methods for theirv_f

extraction_are described,

Raytheon does'not deal with the chemistry of alkaline earth elements.

The Prentice- Hall presentation is llmlted to ionization energy and structure'~7

of the atoms. Table 21-11 from Freeman (p. 379) con31st1ng of data on
1nteratom1c-dlstances, has been organlzed more clearly in Prentlce Hall
(pp. 523 524) Two tables havevheenbformed - one providing metallie |
rad11 derived from distance between atoms in'metal and theiother~prouiding
ionic rad11 based on 1nternuclear dlstance in the solid ox1de (assumlng
that the 02 -radlus is 1. 32 8) B Ihe-double bond radiusvis omitted.
»Houghton Mifflin's treatment of‘alkalineAearth elements is almost
v identical to Freeman. Unfortunately, the colour photograph of four flame
vtests that 1s‘prov1ded in Houghton leflln 1s very mlsleadlng.‘ All_of
’the flames look orange; whereas-the barium'flame'should be pale green‘
and the magnesium flame should be white.v In Freeman (p. 382),'Be02- was
1ncorrectly indicated as a- product in- equation (6) Houghton Mifflin
:(p. 464) corrects it to read Be022 .

No questlons are Supplled by Freeman at the end of Chapter 21 but

there are some exercises within the body of the ‘Chapter, to examine the
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. student's knowledge of column two elements. Prentice-Hall provides
three questions, -and Houghton Mifflin gives 23 of which 9 are taken
from Freeman's exercises.’

Laboratory work iﬁcludes.developmént.of a~scheme of qualitatiﬁe
anélysis, qualitative aﬁalysié*fdr second-column cations, and analysis
o 2+ g2 R
for Ag ,.ng , and Pb” . ions. Prentice-Hall omits flame tests in the
second=column analysis. 7 All versionSfexcept Houghton Mifflin contain

a qualitative analysis for anions.




Summarz

vTéble 38. Comparison of Chapter 21 of Freeman Textbook with Corresponding Material in the Three Revisions -

Chapter-end

Version ' _ ' : ~Topics greated o | L e exercisgs
Freeman v o . : ‘ | errqr;in,formula'. ; nil
* Houghton o - o - poor bhbtégraph of . | 23 (39% f,ro‘m'-}.
Mifflin o ' " e S flgmg tests L o Freeman)
‘Prenticeé ‘.' - C (ioniz; energy + at. v‘: . L ‘3

Hall R : : - structure only);
‘ : . ‘clear tables

gv1




Table 39. Cdmparison of Experiments in the Four Versions, Relevant to Chapter 21 of Freeman Textbook

Subject ) Experiment Number
Zf{perini'ent ' | Fregman: ' Rajrthevovn - HM . p-H.
"Qual. anélys_is_ scheme - | 33 19 (‘fiob_r R.Ch.7).' S-? - S-6
Qual. anai., c&luinn 2 o 34 : ' 20 (for R.Ch.7) 23 - 20
: Qual. avn>a1. s vAg+,' Hg22+,’ Pb2+  .35 : 22‘. (‘f.’obr R.Ch.8) 17 _S.;7
Anion aﬁalysiS’ | o 36 .23 (for R.Cha9)i i 5-8

Wi
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 Fourth-Row Transition Elements.

V-Regularities shown by ﬁourth-rOW.elementsVWith.d—orbital valence.
electrons:are investigated in Chapter 22 of Freeman. The geometry,
_bonding, and reactions of complex ions. ano complex compounds formed by
transition elements are examined. SpeCific properties of the elements
are: described and are linked to chemical theories where pOSSible.

| The quantity of purely descriptiVe«detail about transition elements
is reduced in the Raytheon and Prentice;Hall»versionS'as'compared with
Freeman. For example, detailed description'is limited:to;onefOr two
transition elements rather ‘than 1nc1uding all ten elements. A few inter-
esting photographs and - diagrams of chemical processes have been intro-
duced in- the revi310ns,'as<well_as some.additional relenant facts.

Description of chromium_compounds aﬁa complexes,vinclndingAvaria_ {v_
tion of colour~with‘oxidation‘numbersiis briefer and clearer iniRaytheon‘
1(pp. 400-402)vthan in the other versions. hAttentionvisvrestricted'toﬁ
fewer compounds. - » |

a Colours that are characteriStic.of.manyﬂcompounds of»transition
.elements are-due‘to‘absorption of light in‘the'visible part‘ofAthe spec- _h:
trum. Energy levels,vmainly d-orbitals; acconnt fortthe absorption.

Zinc as Zn2+

, in which all d- orbitals are filled, is colourless in all
its compounds’(Houghton Mifflin, p. 510) A'change in ennironment may
cause a change in energy—leyel spacing, and'change in colour. For

- example, when ammonia:is added;,Cu2+(aq) ion changes from lightvhlue to -
deep blue (Freeman, p. 400), and Nl (aq) ion changes from green to-

blue (Raytheon, p- 399)
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Mddeis fo;bcobaltiéomplekes -_’(C§C14¥q, which cbidurs-its Qold-'
’ tions biue, and [FO(HZO)é] 2+, whiéh colours its solutions red - ére 
pr&vided by Préntice—Héll (p. 536). An equation is supplied to account
for thé'colbur»éhange from. blue td pink that occurs when cobalt (II)
chloride péper‘is usgd as a moisturg-sensitivegunit;

All versions excepf Raytheon describe alumé and the amphoteric
nature of compléxes. 'Bénding patterné that correspond with specific geo—" 
metric arrangement ofvcomplexlions.(for example, dsp2 bonding with square
ﬁlanar geometry)'ére nbt‘identified‘iﬁ Raytheon. Tﬁe use ﬁf«methylene'
Blde for treatmeﬁt of carbon monoxide poisoning is not mentioned. Pren-
tice-Hall is the only version that describes cobalamin, the coenzyme of
vitamin Blé' Comﬁlexes of'cobaltbénd otﬁer:métals are believed to be
used‘by bacte#ia’in the rqotbdé the élover plant to coﬁvert nitrogen of
the air to protein,-‘Syntheéis éfrfhé same proteiﬁifrom nitrogen'iﬁ the’
laboré;ory_requires a temperature of 450°C.to 500°¢ and_preésureé of
hundreds of atmdépheresv(Prentiéé—Hall, p.'542).‘.

| Thg forma;idn of the éafth is describéd in Rayfheon{ The_earthfsib
centre’is‘believed to bé‘mainly nickel and'ironf It is speculated ﬁhat
molfen iron at a temperaturé 6f several thousand degrees moved toward
the centre and silicates, which-are less dense and make up the outer
layers of the éafth’s érust, floatedvon top of the liquid metals.

| Properties of each.fourth-row tranéition element are described in -
detail in Freemaﬁ and Houghton Mifflin. Houghtbﬁ Mifflin provides a
photograph of:cége-zdne refihing of titanium. Melted titanium is trapped

~inside a bar of the solid metal, in a bell jar containing argon or neon.
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.‘Raytheon gives detaried description(of‘the_moSt_commonly used transi-
tion element only -~ theAelement,iron,v.Both:iron and.chromium are
Mdescrihed'in Prenticeeﬁall.:

Operatlons 1nvolved in the use of a blast furnace, from loading
-of ore to removal of iron and slag, are listed in Raytheon alongbw1th
the temperature and chemical equation'for each chemical ehange that
occurs. ‘These facts‘are placed in appropriate positionS’beside a cross-
sectional diagram of an operating Blastpfurnace, A similar diagram is
provided in Houghton Mifflin, 'However,.tenperatures are_not_giVen and
relevant’eqnations are.scattered through the text._.The same version con-
tains a photograph of a manl"tapping" theiblast;furnaee.(removing molten
iron). Threevmethods of'converting cast iron into«steeiiare explained -
- in Freeman and Honghton Mifflin. ‘A method" forvquantltative determlnatlon

of iron is suggested in Prentlce Hall 1nvolv1ng tltratlon of Felt

with
the oxidizing agent, ~potassium dichromate.

' The Goldschmidt process for produc1ng pure chromlum is descrrbed
in Houghton leflln and Freeman. A photograph of the pure copper catho-
des in an electrolytlc refinery is given in the former textbook

_ iwenty.questlons are provided in Freenan which'will.test the
student's knowledge of fourth-row transition:elements. 'Thevcorrespon—
ding-questions in Raytheon and.Prentice-Haii'are all tahen from Freeman,
-as_weli as 18 of'the'ZO questions in Houghton.ﬁifflin;

Laboratory norkiincludes the Separation of iron, 'cobalt and n1cke1

vions w1th an anion exchange resin, and investigatlon into the corrosion

of iron. Procedures are‘given for the preparation ofgthree compounds -
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~a_complex salt, pOtassium dichromate, and chrome alum. = All versions

'except»Rajtheon contain the method for preparing a double salt.




-Summary

© Hall

cobalamin; quant. anal.
- for Fe

‘Table 40. Comparison of Chapter' 22 of Fre’éinan Textbook with Corresponding Material .in the Three Reyision‘é
Topiés.treated _ S
_ T o : ' ‘ . ‘Chapter-end
" Version Industrial Additional’ exercises :
Freeman Fe to steel, 3 ways; Cu” .colour 20
' detail, 10 elements :
. Raytheon omits alums and methylene _formation of earth; 17 (100% from -
: blue; detail on iron and : br%ifest re Cr cpds; Freeman)
blast furnace Ni“' colour; omits ' :
’ amphoteric. complexes, "
bonding patterns ‘
Houghton.- Ti refiniﬁg§ blést'furnéce, _:‘ colourless Zn‘2+ 20 (90% from
Mifflin for Fe, diagram + photog; ' Freeman)
: ..~ Fe to steel, 3 ways; -
‘detail, 10 elements
Prentice- - detail on iron and chromium cobalt complexes, detail; 18 (100% from'v

Freeman -

YT




Table 41.  Comparison of Experiments _ih the Four »Versi'ons, Relevénit to Chgpter

22 of Freeman Textb'ook, -

 Subject Exp-eriment Numbex
experiment Freeman’ -~ Raytheon - H.M. . P-H.
Sep. of transition metal iqhs 37 43 ' 26 .35
" Corrosion of iron 38 35 - s-8 29
Prep. coinplex salt and » SR
double salt 39 _ .25 - 37
Prep. chrome alum 41 - 46 B - s8:10 39,

0ST
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Some Sixth- and Seventh-Row Elements

Lanthanides and actinides ere elements in which the 4f and 5f
orbitals respectively are filling up. Thesesthirty elements are des-
' cribed in the Freeman and Houghton Mifflin versions,only.:'Electron
configuration, oxidation States, and occurrence arelinvestigated ‘ Types
of radioactive. behav1our and sources of nuclear energy are con51dered

Houghton Mifflin prov1des a- little more. information than Freeman.
Fot example,vthe electronics industry'is identified as one market for -
rare earth elements. Europium_oxide is used in colour-televisionvpic-
ture tnbes.'

In comparing 1anthanides and actinides, ‘the Honghton'Mifflin ver~
sion,notes‘that uranium, an actinide; is best known as the uranyi“ion,

2+

U05"", in which.uranium haSvoxidation number 6, whereas neodymium, its

mate in the lanthanides, has no important complexes except those of Nd(I1I)

.;and there are no Nd(VI) complexes at all. The lanthanidesvappear to have
a 31mp1er chemlstry than the actinides, which have a multiplicity of-
oxidation states.

fhotogfaphs of the top of a nuciear breeder reactor and of a human
hoperatot using mechanical hands to move redioactive material are shown in
Houghton Mifflin (p. 534). There are also'diegrams reptesenting radio-
active decay'of uranium-238, nncleer fission of uranium-235 and nuclear
fusion of hydrogen isotopes.

There are’exercises within the chapter instead of qnestions etnthe
end of Chanter 23 of Freeman. Houghton Mifflin provides.18‘questions:of |
which 5 are taken from Freeman's exercises, to’examine the student's |

- knowledge of 1anthenides and actinides.
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Relevant laboratory work is found in the Prentice-Hall version
~and includes a determination of hélf—lives of metastable indium-113

-féﬁafbarium—l37,'and determination of'the5shielding thickness of lead.




Summary ‘

Table 42. Comparison of Chapter 23 of Freeman Textbook with Corresponding Material in the.Three Revisions

L : . . , = 4 v o _ ‘ , 'Chapter end
Version s : B Topics treated ' : exercises

Freeman S s " no photogrephs; | : - nil
' ‘ sl. less info. than in H.M.

Houghton A _ - europium oxide, use; 18 (28% from
Mifflin , - Uws. Ndy - Freeman)
' ’ - photog;nuclear reactor:
diagrams for nuclear reactions

" Prentice- ‘ e_' ‘ - f’ expts:half-life determinations (#S 11),
" Hall » . T - L shielding thickness of Pb (48~ 12),
: : ' L ;relevant to Ch. 7 of P-H.

€61
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' Some Aspects of Biochemistry

The application of chem1ca1 princ1ples in biochemistry is shown
in: Chapter 24 of the Freeman version. Properties of sugars, cellulose,
starch, and fats are described. Metabolism of glucose is investigated

and enzymes are examined‘briefly The study of ribonuclelc acid (RNA)

"and deoxyribonuclelc acid (DNA) has been omitted from the Freeman vers1on,”'

‘as those t0p1cs were cons1dered more" suitable for advanced courses-in

v'chemlstry (Freeman Teachers Gulde p. 745)

Houghton Mifflln supplles a treatment of blochemlstry that is al-
most 1dent1cal to Freeman' except for the 1nclus1on of several photographs,
some‘of which are of questionable value. Prentice-Hall gives the. least
traditional account. Reactions for theimetabolism of glucose and the
acetic acid cycle are,dmitted and DNA and RNA are dealt with in Prentice~
Hall.

. The reduction of glucose to sorbitol foilowed by reaction of sor-
bitol with acids to form esters is not. described in Raytheon and Houghton
leflln. The oxidation of an aldose to_carboxyllc acid by cupric ion, to
produce the red solid cﬁprous.okide,dis also omitted.'yAll versions |
‘except Prentice-Hall provrde equations forhthe,energy-yielding reactions
of glucose, pyruvic acid,‘and acetic aeid. | |

Photographs of sugar-cane harvesting; rice harvesting, and honeybees
on a honeyconb are provided. in Houghton ﬁiffiin (p: 584). These photo-
graphs are of questionable value except perhaps for culturally disadvan-
taged children or for elementaryfschool.picture collections. Still more

critical comments are apnlicahle to the photographs of a basket of eggs,
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b._pieces Of»raw'meat‘ and a glass’of‘milk which take up seven-eighths of%'
a page.' These objects are too universally famillar to merit space in a -
'high school chemistry textbook (Houghton Mifflln, p. 586). They would
be excellent for teaching vocabulary to immigrants from foreign countries.
The detailed‘structure of the enzyme lysozyme was determined‘in
1966. ThlS enzyme increases the rate at which polysaccharides in bac-
terial walls are broken into . smaller units (Raytheon, p. 376). Ribonu—
clease> which‘helps to break down ribonucleic acid, was the first enzyme
to be synthesized The synthes1s was reported by Amerlcan sc1entlsts in
1969 (Prentice-Hall, p. 559). Photographs of crystals of catalase and
urease are prov1ded in Houghton Mifflin. Since these enzyme crystals |
are microscopic in size, the photographs show them highly magnified |
The pictures are valuable in that they give the student a concept of
properties of pure substances that he is not lihely to observe firsthand
- Pictures of magnified yeast cells and muscle cells which convert
glucose to simpler substances for the release;of energy, are provided as
well. | .
_Description.ot "false substrates" which slom.down‘or stop reactions
by inhibiting enzymic catalysis is includedlin.all versions except
Raytheon. Explanation of enzyme'specificity‘is not provided eitherr
Prentice-Hall is the only version thatAdealsvwith nucleic acids.
"Deoxyribonucleic.acid was first‘isolated as gelatinous material in 1869.
lt'was suggested.inV1884 as_the carrier-of genetic information. 1In l953,
the noweaccepted strdcture’of DNA masiestablished by Watson, Wilkins;Landv

Crick. Two very long, thin, polymeric chains of nucléotides are twisted
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about eachvother.in a double helix. ' Each nucleotide cons1sts of a deoxy-"‘“ o

ribose sugar molecule linked to a phosphoric acid molecule and a nitrogen-

containlng'base'attached to the sugar'molecule. _Hereditary information
ie‘transmitted by the order in which nitrogen bases are attached to the
deoxyribose-phosphatevbackbone of the’DNAvchain. |
The.template action by”which each DNA helix can duplicate'itself
is described. ‘Using‘natural DNA as their template in contact with DNA
polymerase and a nixture of the four nucleotides that constitute DNA,
Kornberg and Goulian’synthesized anhactiVe virus.. The eynthetic virus,
first'oroduced in 1967, could attack and kill bacteria'as effectivelyvas
‘natural DNA. | | |
-The role of RNA in biology is still not well understood. It con—
tains riboee sugar in the chain'instead of‘deoxyribose and has the nitroe
gen base, urac1l substituted for thymine. Generally; RNA forms single
strands.. The use of RNA for cancer treatment is described in Prenticee
Hall. |
Twelve questions requiring the pupll to have knowledge of bio-
t chemistry are prov1ded by Houghton Mifflin of»which Slare taken from
Freeman s exercises. |
No laboratory experiments are provided that are relevant to

_Freeman,:Chapter 24.




‘Sﬁmmari
Table 43.

‘Hall

~DNA history, properties; .
virus synthesis; 4
RNA, structure and use

Comparison of Chapter 24 of Freeman Textbook with Corresponding Material in the Three Revisions
. B : -Chapter-end
" Version _Topics treated exercises
’ Freéman ' 'omits'nuéleic acids nil'
Raytheon - omits sorbital esters and aldose oxidn.; “nil
lysozyme structure; R L
- omits enzyme specificity
Houghton omits SOrbitél_esters and aldose 6xidn.; 12 (42% from
‘Mifflin appropriate photographs? = Freeman) o
ST catalase, urease, yeast, muscle photog. ' ‘
) Pfentice- " omits glucose metabolism and acetic acid cycle; ‘nil
- ribonuclease synthesis;

LST
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'Chemistry of Earth, the Planets, and the Stars -

Chemical principlesvthat ebply to samples in teStvtubee apéyy to
the entire universe.v‘However, planetary chemietry end geochemistry in-
volve the study of some very slow procesees that occur'over millioﬁs of
yeafs. Structurevof”the‘earth.and‘weys of determining.the age of the .
earth are described in Chapter 25 of Freeman, in addition to:the chemietry’
of planets, meteoritee, end stars. | |

Lunar eﬁploration is giyen detailee treatment only in Pfentiee—Hall.
Raytheon.ﬁrovides ineeresting information aboutenuelear'reacfions but
omits the.chemistry of planets and stars.

Avtable of data for radioactive rays is supplied by Raytheen. For
alpha, beta,.and éamma rays, thekspeed after emission, compesition, aqd
peneﬁrating pewer are indicated.’ Detailed interpretation of,nuclear equa-
tions is also given. The‘emission'of a beta particle occurs when a neu-
.tren disintegrates,.preddcing three.pefticles - a proton, an electron,‘
and a ﬁeutrino; “Stages in radioactive decay of ufanium-238 to_iead-206
are shown in gréphical'fofm. Theiconcept'of haif-life of”fedioactiQe"
species is exﬁlained clearly. Prentice-Hell is the only version wﬁich
does net-supfly a deﬁailed‘deecription-of the spontaneous nuclear re-
actions from which‘the age of fhe.earth has bee; eetimated.

Graphs represent the repulsion thatlexists between an alpha parti-
~cle and the nucieus of'an‘atem, and the abseﬁce'of repulsion between £hé
‘neutron and nucleus of an atom. .This difference accounﬁs for the -

greater probability of nuclear reaction with a neutron than with an aipha

particle. A proton can be accelerated to allow it to react with_the
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lithiumlnucleus, producing two helium atoms. Similarly, beryllium com-
pounds have been penetrated by alpha particles.
The positron or positive electron was discovered by Anderson in

his study of cosmic rays (Raytheon, p. 419). Positrons are emitted‘in

the spontaneous decay of nitrogen-13. Each positron tends to react with
a negative electron to produce gamma radiation.-
To promote nuclear fusion,'by overcoming the repulsive force of -

two hydrogen nuclei, the temperature must be about 2 X 108 9K, according

to Raytheon, such that the gases are converted to, plasma. The fusion of
four protons to form one helium nucleus is respon31ble for the energy
- production during‘the 1ongest period of existence of a star, such as the
sun. The amount of radiant energy emitted by a star is proportlonal to
the mass of the star (Houghton Mifflin p. 616). |
A table of approximate distances of six celestiai bodies from
earth, and a diagram of nine known planetsArevoiving ahout the sun, are
é ; included in the Houghton Mifflin version. The atmosfheres of nine planets

are described in tabular. form in Prentice Hall

Interesting information about MarS_is provided invPrentice-Hali and.
Houghton Mifflin. ‘The atmosphere is helieved_to,have high concentrations‘
of carbon dioxide and atomic oxygen. The surface is covered with craters
similar tokthosebon the moon but there has,been no erosion by water which

suggests thaththere hasbbeen no life on Mars for a few hundredbmillion

years. Mars has no‘magnetic field; therefore, the core is not hot and
molten. There is no volcanic or radioactive energy in the lithosphere

of Mars.
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: The isotopes of carbon arevdesorihed 15'5 table in Raytheon; in-
cluding the type of decay and half- 11fe characteristic of each isotope.
Radiocarbon dating and isotopic tagging are described as applications
for the radioactive isotopes.

Meteors are‘described in the greatest detail: in Houghton Mifflin.
They range from microscopic size to perhaps several miles in diameter.
Those that strike the earth's surface are called meteorites. An esti-
mated two million tons of micrometeorites.per year fall to earth;
._InformatiOn gained frbm‘spaoe flights before‘anyone had landed on
the moon is'contained in.Prentice-Hall A device deSigned by Dr.
TurkeVich was used to: estimate the composition of the moon s surface
layer. The scatteringvof'alpha particles directedmat'the surface of
‘thelmoon indicatedAthevatomic mass of atoms that were‘struck. A table
is provided in frentice-Hall indicating the'eompositionAof,the Lunar
surface as measured by thefalpha—particle soattering'device. 'Other
interesting lunar data are supplied by 'the texthook.
| Raytheon provides livduestions toiexamine the student's knowledge
of radioactivity and nuclear changes; and Houghton Mifflin has 25 Ques-

tions about earth and space.




Summary

Table 44. Comparison of Chapter 25 of Freeman Textbook with Corresponding Material in the Three Revisions

Topics- treated » o ;
S : , ‘ ) R . : : _ ,Chapter-end‘ ’ i
" Version: " Nuclear reactions ' : Earth, planets, stars - ‘ exercises g
Freeman | e ; o | '_ nil
Raytheon ~ radiocactive rays; S omits planets, stars S 11 (45% from - ;
neutrino + beta particle; ' ' Freeman) g
U-238 decay graph; %-life; S ;
positron; fusion; . :
carbon isotopes, uses
Houghton " ‘ S . oo solar system diag; o 25 (none from
Mifflin o = : ’ T detail, Mars: ‘ . . 'Freeman)
. ) o ' - ’ : meteors '
Prentice- : omits U-238 decay detail ~ Turkevich device; . k : - . nil

lunar exploration

Hall
: ~ detail; Mars detail

191




- CHAPTER VI

COMPARISON OF TEACHERS' GUIDES AND PROGRESS TESTS

FOR THE FOUR VERSIONS

Teachers' Guides

The teachers' guides»are»designed for thebteacher_who-iS'isolated

" from other chemistry teachers, with less than ideal training, teaching

~in a poorly equipped schooL.

For each chapter of the texthook, Freeman and'houghton Mifflin
include a.separate'section in their teachers' guides,vdescrihing.the'
philoSophy and hew,conceptSu ‘The content of the chapter is 1nterpreted
and pedagoglcal methods for presentatlon of . theory and experlments are
suggested. The_recommended trme schedoietcoord;nates~readingsiqproblems,' '
films,tand experiments. "Backgroond;Discpssion"»consists of advanced |
conceots-ia philosophy and theory:of‘cheﬁistry,-some of which}the:teacher
ma& incorporate.into class_iessons.:uspecific films, books; and other
supplemehtaryhmaterials’areziistedgleAnswersiare giﬁeh for_textbook-exer-‘

cises and problems, and more'questions:suitable~for.quizzes are provided

in the Guide for Chapters 1 to 17 (Freeman Teachers Gulde, P 3)
Organizatlon of the Houghton Mifflln Teacher 8 Gulde dlffers

slightly.from Freeman by insertion of-thevtime schedule and related

materials for the ehtire.ZS chapters in one block in Appendix I. - Raytheon
is the only version hav1ng the teacher s gulde in two volumes. There is a
Teacher's Laboratory Gulde and a Teacher's Gulde. The total content of

the Raytheon Guides is much ‘like Freeman,
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frentice-Hall'sAteacher’s guide ispin one volume and contains.two
sections for.easy reference - a guide to'the student text in Part One
and:a:guide'to:student laboratory manual in Part wa, Part One includes

for each chapter;_backgrOUnd discussion supplyingfpertinent information

‘to the teacher, a‘development section describing rationale of the ‘chapter

and methods of teaching it, and worked-out answers to in—context exercises
and end—of-chapter'questions and problems.

bv‘ The guides contain a list of film sources and a list of chemicals

and equipment needed for a class of 30 students w1th each student working -

alone except in a few specified experiments. Raytheon s supply list
which 1nd1cates quantities for 30 students working in pairs or groups, is

at the back of ‘the Teacher S Laboratory Guide.ﬂ The 1969 Catalog of

Macalaster Scientific Company, a D1v151on of Raytheon Education Company

(pp. 51- 53),_lists a spec1a1 student team assortment of glassware hard-
ware, and chemicals, to be ‘used with the Raytheon revi31on of ‘the CHEM
Study textbook

Demonstration experiments have been designed to function as visual-

substitutes for actual laboratory work. They are described in detail in

the teachers’ guides and the textbook assumes that they are done when

indicated in the schedule. The numbers of demonstrations are as follows:

5 in,Freeman; 4 in Houghton Mifflin, 33 in Raytheon; and 23 in Prentice-

Hall.

Two manuals for semimicro experiments have been published by

. Raytheon for the CHEM Study Programme. One of them is designed to -

challenge the superior student to think for himself and the other one |
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: emphasizes 1nd1v1dua1 progress -and development of ‘the student s ability
to organize data and make generallzatlons.‘ There is a separate teacher s
guide_for_each of these publications‘l

‘Supplementary'materials published by Prentice-Hall may»serve as a

gnide to both stndents and,teachers. The»Foundations of Modern Chemistry.
Series, edited~by Dr. Rohert W. Barry,~deais-with six tOpicsereievant to-
the Prentice—Hali revisionjof>CHEM'Stndy. Fiye pamphlets of-programmed
instruction areralso available, for the topics of'chemical symbols, ‘
chemical formnlas'and'names, moiecular:weiéht~calcu1ations; weight and ‘

volume relationships,. and balancing-chemical’equations.

.. Progress Tests

‘ _Ali versions'except Prentice—Hall have.now published muitiplefj
.;hoice achrevement tests;',Theyﬂare>desrgned ;o,méa;ﬁéé whether'the‘n
_ student is mastering the'conrseicontent andscan applykthe major.principles
to new or parallei situations (Freeman; Teacher's Guide, p.'2);
| Two alternate series have been:pnhiished'and.classroom—tested by
Freeman. Each set conslsts of flve tests coverlng three or four chapters
each- a semester final, and.a year final. Chapters 19 to 25 of the text-
book have not been 1ncluded in the content of the tests, as it was ex-
'pected that teachers would take a varlety of approaches to the descrlptlve L
chemistry. . AlltFreeman tests are open—book | |
One series ofltests is avaiiable from Raytheon‘and is reproddded,'

"with permission, from tests prepared for use with the Freeman version.

1 .
D. C. Heath and Company Elementary and Secondary Materlal Catalog,
~1970, p. 34 : _ :
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There are seven tests covering two or three chapters each, a semester
final, and a year final. All are open-book tests.
A booklet of 34 tests is availabie from Houghton Mifflin. Twenty-.

- five of them are chapier tests designed to measure récognition and recall

ofifactsland éqﬁdepts disduSsed within a single chapter. The sevén‘
cumulativeftests cover two to four chapters éach, except for the 1ast teéfl
which covers Chapters 18 to 25. 'There is aﬁhid-year exam Baéed on
Chapters 1 to 10 of the textbook, and a flnal exam. All of these,lexcept
the chapter tests, are open- book tests. B |

A package cqnsisting of five cumulatiﬁe tests, covering Chapters
1 to 17, a semeéter exam, and a final éxém‘ will be availéble from
'Prentlce Hall in August of 1970.1 They w1ll be multlple ch01ce open—

book tests.

1Infbrmation contained in a letter from the Manager, Educational
Book Division, Prentice-Hall of Canada Ltd., Scarborough Ontario, dated
May 22, 1970. . :



Sﬁmmarz‘v

Table 45.'VComparisoﬁ of Teachers' Guides and Progress Tests in the Four Versions

*'Factor examined

Freeman

H.M.

Raytheon P-H,
. Teacher's guide 1vvo1. 2 vols. 1 vol. 1 vol.
No. of demonstratiqns. 5 33 A 23
No. of expts. 46 46 38 51
No. of expts. not , : :
in Freeman version 12 2 5
i Pfdgress'tests/set 5 cumulative 7 cumul. 25 chapter tests 5 cumul. -
' . 2 exams 2 exams 7 cumul. 2 exams =
- (Ch. 1-18) . ~(Ch. 1-18) 2 exams (Ch. 1-17)
R o o ‘ (Ch.1-25) ‘

991




CHAPTER VII

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary - - . . : ' 'd" : ' 1:;gf

Systematie eomparison.oflCHEMLStudy and'the'threejrevisions‘re-
veals important differenoes in,content;v4Characteristic patterns are
evident in format, clarrty of models, and facility 1n‘se1ection of a.
plane of communicatlon that is: apprOprlate for the high school student.
Some revisions hane‘been more successful than. Freeman 1n avoidlng reci-
tation of.facts, particularly in the descriptive chemlstry.
| Prelnnlnary examlnatlon of format reveals.that the pages of

vPrentice Hall ‘and Raytheon rev1s1ons 1ook mostllnv1t1ng s1nce they are
not crowded with information. ' The Raytheon ‘version - has a 3%—1nch

margin at the outside of the book and a 3/4—1nch margln at.the in51de.
The margins in Prentlce Hall are 2% 1nches and % 1nch. Both textbooks

have one column of print per page.. . The w1de marglns are. useful for

:students'dnotes and explanations. In the Freeman textbook marglns

are % inch and 1 inch wide, with ‘two columns of print. Houghton

. Mifflin has tmo columns of print,\with margins of %-inch'and 3/4 inch.
. Some coloured ink is USed for emphasis in Raytheon and Prentice-Hall.

Scientific models are devised in order to explain'abstract ideas

in terms of what is céncrete and universally knowable. ,To be really
“strong, the model must involve a,situation_with which the reader can

identify personally or which he_can.experience firsthand. Thus, as

167
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:.long»as-peopleiuse‘real fireplaces:insidertheirlhOmes and build camo—v“
'fires outside, Freeman' svanalogy of the .boy lost in - the woods, trying
to burn glngerale bottles to keep warm will. be ‘too naive and weak to
be acceptable as an analogy to:sclentific:method. This Judgment is.
supported by the fact that after classroom exoerlence w1th ‘the Freeman
’ver51on,'the authors of the_Houghton Mifflinvrevision have completely
omitted the analogy and Prentice-Hall{authors_have converted it to an
.account of the experience oprartin,‘the Martian. |

Prentice-Hall's super-rubber Balls seem'capable ot nore closelj
approximatlng the.elastic colllsions of molecules thanithe_billlard
balls and ball bearings deseribed in' the other~versions; The pole-
vaultlng analogy ‘to actlvated complex formatlon in Prent1ce Hall, com-
plete with sketches, is more relevant to the youthful reader than altere
nate analogies to rolllng objects over hills.. The simpllcity and -credi-
‘blllty of Raytheon's irregular stalrcase model representing the energy
levels of a hydrogen atom makes it better ‘than the bookcase and stlll
more superior to the trlple beam—balance model., Addltlonal analogieS'
are prov1ded in Raytheon and Prent1ce~Hall for whlch there are no coun-
terparts in the other verslonsre"

The revislons, in some instances, have a higher_degree of scienti-
_ fic rigour than the Freeman version. Fortexample,vthe”pressureevolnme
products for a ginen gas samplelat'constant-temoerature:are not identical.
but are in agreement within-limits’of.acceptable.uncertainty in_the
tables in Houghton Mifflin and Prentice-ﬁalls Thus,‘they'corresPond‘more

- realistically with acceptable student—data-than the identical numerical
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values that are shown for the prodnctsvin Freeman‘and Raytheon.’ Rate '
of reaction ishmore a¢curately definea in Raytheon‘and Prentice-Hali,'
as concentration-change per unit time instead of quantity-change per
unit time. The Fteenan vetsion, published in 1963,'descrihes the rare
gases as "inert" whereas they are more.cotrectly called "noble'" in the
revisions. ' The standard atomic mass unit‘is exactlybdefined only.in
'Prentice-Hall as representing‘oué-t%eifth of the mass of a carbon-12 atom.
;Some:principles of_psychology of 1earning seem to have heen over—
looked in the revisions; Many photographs are contalned in the.Houghton
leflln version, although there is evidence to show that diagrams are
more effective as a teaching device since they lead the reader to
simplify the . learnlng of a concept by focu31ng on- its major attrlbutes"
(De Cecco, p- 412).  The photographs of such famillar obJects as a glass
of milk and a basket of eggsbshouldrbe omitted entirely. Raytheon,
having neglecteofthe concept_of steadY'state; 1acks‘a negative exampie
which would have'been'valnable.to students‘learning the concept of equiii-‘
. brium. L
Definitions given for moleculat‘weight are contradictory.- Depend-~
ing on which book you are reading, the'term may represent the Weight of
one mole of substance or one moleeulerof substance. - Since there is dis-
agreement, petsons using‘"molecular.weight"‘should be_sure to define
the term for their onn>context before using»it, untii chemists decide
on one interpretation;b |
Raytheon and Prentice Hall make the nost earnest effort to explaln

chemical phenomena from first prlnclples. Vapour pressute is explained




170

;in“molecular terms in the 1a£ter versions.whefeaé ﬁhe Freemanvbresenta-
.tioﬁ is quite.éuthéfitariaﬁ, Raythéon déséribes the behaviour pf mole;
-culesnin fhe processés of con&enséﬁidn,-vapofizétioh,'and_melting. The
electroﬁ-pair repulsion ﬁheory'and‘tﬂé”cbhéept oflhybrid 6r£i£als-éré
presented in PfenticefHall to_éxplgin sizes 5f bond aﬁgleé»in compounds.
Another major'éqntributién-is ﬁaytﬁeonis;élarification of the relation-
éhip between threshold enérgy and.éétivatién energy, achieved by setting
‘the graphs adjacent to each othe;bhith'fhefgraph of kinétig energies
rotate&xto shbw tﬁat threéhold‘énefgy:equals.éééiﬁétibnvepergy for
formatiou’of a given complex._.Théré,are'moréwéxamﬁles‘of clafity in
presentation of conééfts‘in Raytheon,and'Prenticg-Hall than in the other
vefSiéns., |
- -.Thgre is}very little afﬁenfiqn givén in any of the four versions

to poinfing ouﬁ regular paﬁteins,in nomenclaﬁuré of orgéhié.and.inorganié
vcompqqnds. Unless theitééchef‘pfovidés;éohsiaéfébié drill.in naming”
compounds and_wfitiﬁg formulas, geéredﬁtplher qlgss, the’stﬁdent will
‘not likely be literate in chémistry. ~Ray£héon éﬁd‘PfenﬁiCe-Hall givé

the cleafest sﬁructuré fof solviné prébiems réiated'fb chemical equations
and dissociation constaﬁts.

Raytheon and‘frentiée-Hall'have:refrainedbfrom‘rééiﬁation of facts,
‘fparticularly in Fhe descripﬁive cheﬁistry;.‘fhe iatter version does not-
deal with the preparation and éouxce of elementsjin theithifdbrow of
' he.periodic table:and describes inléeﬁaii_bniy two of the ﬁén‘fouﬁth-row‘
" transition elemeﬁts; Thebsefies of_féactioné invol?e& in glucose ﬁeta—

" bolism, the acetic acid cycle, andvuranium;238;decay are omitted.
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Ra&theon deals with onip one fourtherow'transition element in detail
and does not contain chapters on sixthe-and seventh-row transition
.elements or alkaline earth eiements.,jHoughtonlMifflin's.eontent is~
nearty-identicalwto Freeman. |

Freeman's textbook has been criticiaedpfor its shortage of infor-

-.mation abGUtfapp“i'm:ions of chemistry inlindustry Raytheon and

Houghton leflln revi31ons have responded by 1nc1udlng information about
the structure and functlon of dry cells,‘lead storage eells; and the ‘
blast furnace; Production of black-and white photographs is explained
in detall in Raytheon. However, chemlstry courses could :be glven more
vitality by greater exposure of the student to the chemlcal processes
and prlnciples involved. in effic1ent operatlon of chemlcal 1ndustr1es.i

The Prentice-Hall version, publlshed abont two’years.later than
the other revisions, contains more infornation.about reeent developments
in science. There is a quotation from bartlett, with coloured pictures :
from-his synthesiS‘of xenon hexafluoroplatinate.. The‘ﬁ:orbitals that
account for- pr0pert1es of graphlte and. benzene are descrlbed as well as.
properties and structure of. deoxyrlbonuclelc ac1d

Natural_phenomena involning chemicallprinciples are explained'in
Prentice-Hall, ' For example, coral reefs and-oyster'shells will_grow'
- only when the'animal'makes adjnstmentsAso that'calcium and:carbonate
ion concentrations are great enough to allow preoipitation; dHuman,iife.
can be maintained when the body.fluid,has a certain‘hydrogen-ion cOneen_
tration. It~is believed thaticobalt complexes.are partly responsible

for the ready conversion of nitrogen of the air to protein on the root
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of a clover-plant. :Suéh information_mékesicﬁemiétry more.meaﬁingful
.aﬁd relevant. | |
. Labbrétory.work provides concrete experience that.alloWS the

student to discover principleé and reinforces 1eafniﬁg. The tbtais:
of demonstrétions and e%perimepté, followed by the numbér of experi- -
ments in paréntheseé,raré;' 79(46) iﬁ Raytheoﬁ, 74(51) iﬁ Prentice_
‘Hall, 51(46)‘inAEréeman, and 42(38) in Hoaghtén Mifflin. Twelve of
Baytheonfs and five of Preﬁ;icé—Hail'é‘experiments dovnot'appearvin
Freeman. 'Hoﬁgﬁton Mifflin’contains only two experimenté thaﬁydo not
éppéar in‘Freeman,

As Appendix Bvaﬁd the chaptef tables in tﬁis thesis show, all
._'three_revisions:havé bofrowed Qery freely.from-the'Freemaﬁ chapter-end’
.quesﬁions, SO ﬁhat'the alternate versioné aré not good sources of addi-
tional queétions_o# most t0piés.. Houghtoﬁ Mifflin's progresé testé
" have the most ektensive c0veragé‘of_the'téxtbobkf vThg teééhefS' guides

are much alike in content.
Conclusions

The format of the Raytheon and Prentice-Hall versions is well-
spaced and coloured ink has been used with discrimination. Models and -
-anaiogies in these versions have clarity and relevance for the youthful

reader.

The three revisions displéy greater scientific rigour than Freeman.

. The definition of molecular weight given in Freeman is contradicted in

Prentice-Hall. Until chemists agree on a uniform interpretétion, persons

. using the term must be sure to define it for their context.: To the
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' unindoctrinated,English-speaking nerson; the term implies that one mole-
cule is involved, so thatvit seems moreblogical and more considerate to
future students of cnenistry to adopt that,comnon-sense interpretation;

ﬁew information 1s most carefully integrated with the student's
previously acqnired knowledge in Raytheon and Prentice-Hall, with less
reliance on intuitive graspvof_COncents; Much of the non—integrated
factual material that is in Freeman and Houéhton Mifflin has been'oﬁitted}

To produce students literate in chemistry, moreAattention must be
givenoto regularities~in nomenclature and‘to'practicefexercises_in naming
coﬁpoundseand writing formulas than seems t0*befsuggested'bydany of the
four nersions.< |

Prentice-Hall; the last revision to. be published, included informa-

-tion about modern discoveries in chemistry'which had greatvinpact such
as the.reactivity of xenon and strncture and function of DNA.

Concrete experlence in experiments and demonstrations is most
plentiful from the Raytheon and Prentice Hall vers10ns, although the

. limited time available to chemistry classes may'make a selection process
necessary. The teachers' guidessare much alikebin content.: Houghtonrl

Mifflin's testing programme,gires‘the most‘complete‘textbook coverage.

The textbook with integrated laboratory experiments, published by

‘ Houghton Mifflin, is a reprinting of‘the Freeman version with minor
changes, an outcome which the CHEM Study Steering Committee had resolved v
to avoid (Merrill and Ridgway, pe 71) However, the Raytheon and

Prentice-Hall versions incorporate greater changes,.designed‘to facilif

tate and enrich the learning process.
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Recommendations

Two recommendations of textbooks emerge from,this.study:‘

1. Raytheon, because of its elimination of the more difficult

~and little-used mathematical derivations, its clarity of explanationms,
and its reduction of non-integrated facts;,providesAthe best course
for the terminal student who will not take post-secondary'cdurses'in_

chemistry and for the prdspective nurse.

2. Prentice-Hall, which is relevant to the youthful reader, .
‘most up~to-date, and haé as much depth but moré appeal than‘the Freeman
Version,-will give the most secure undefstanding‘to the person who is
keenly interested in chemigtry and/or who inténds to d0'§ost—éecondary
»studies in chémistry. |

For building and handling curriculum, ﬁhe following provisions
are reCoﬁmended: , | | |

i Stepé shauld be taken to‘giVe studénts insight into industrial

applications: of chemiéal.theory.' Thére are at leasﬁ three means of
aécomplishing'this eﬁd.1 Attractive fémphlets cduld‘be_prepared-and re-

vised when necessary by teams consisting of 'a technician or technologist

employed in the industry and a collaborating chemistry teacher, to ensure
that the plane of communication is stimulating but not so advanced as to

be discouraging. = Ideally, the student‘should have a tour of some indus-

trial plants conducted by‘a guide who is:aware of the depth of chemical
knowledge of the student and is able to augment it. Some schools have
made arrangements for particuiafly keen students to assist research

scientists for one week.




. | 2. More programmed\iﬁstruction should be published and‘used by

studeﬁts to'acquire mastery of‘coﬁcepts and-ékills. Prentite-Hail's

programmed units, 1nclud1ng Chemical Formulas and Names-and Balanc1ng ;”

1

should be available to all high school students.

Chemical Equations™

Teachers should-present'the nomenclature”of compounds in a systematic

way if- the student is to master the basic symbollsm of chemlstry and be-

. come 1iterate with reasonable effort.

lFrom Programmed Units in Chemistry; by Virginia Powell.
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'APPENDIX B

Questions and Problems in Revisions, Taken from Freeman Textbook

" Chapter and question numbers

Freeman ‘ : L '
Chapter Raytheon’ . Houghton Mifflin : Prentice-Hall
2 Ch.2: 2-15, 18-25, - Ch.4: Q 20-25, . ~ Ch.2: 3,9,11-26,28
28-32 : P 1,2,12-17 o
3 Ch.3: 1-11, 20-27, . as above ' ch.3: 1-3,7-12,
' © (29-3L from F.Ch.13) T 14-20
4 Chu4: 1-23 - ch.3: Q3,5,7,9,11, | Ch.4: 1-23
© (25-31 from F.Ch.13) . ©13,17,19,21
, | S P 1,3,5.7,11,
. 13,15.17,19,
. 21,23 | | |
5 . Ch.5: 11-16,18,19,22,23  Ch.5: 11 . . Chi5: 4-7,9,10,13-21
. Ch.6: 1°3,6-9,13-16, ... (11,12 from F.Ch.4)
: 21-24,29-31 e T T
6  Ch.7: 1-8 " Ch.6: 10-14,16-23,26-28 .~ Ch.8: 1-5,8-12,14-20,
o A R T : ’ 27,28
7  Ch.1l: 5-8,10-19,27-29, Ch.12: Q 1-3,6-8,11-15 © Ch.9: 1-23
31,32 P 1-5,7-10
'8 Ch.12: 1-7,9-11,14,15,  Ch.13: 2,3,6,8-10,13, Ch.10:. 1-20

17-21,23,27 . 16-19,21-25

In the same row as the number of a given Freeman»chapter, are listed the questions copied from
Freeman, numbered in the way that they appear in the revisions. For example, at the end of
Chapter 4 in Houghton Mifflin, questions 20-25 are taken from Chapter 2 of Freeman..
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APPENDIX B (continued)

o " Chapter and question numbers
-Freeman » . v . : — ——
Chapter Raytheon __Houghton Mifflin Prentice-Hall '
9 Ch.13: 3-7,9-23,33,34  Ch.l4: 1,5,7-12,14-17,19-30 Ch.1l: 1-23, 26-28
100 Ch.6:  25,26,32-28 Ch.15: Q 1,2,11-22 Ch.12: 1-9,12-15,
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- 26,27,29,30. . \PL18 ©17-25
13 Ch.3: 29,30,31 © Ch.il: Q 8-12 (from F.Ch. 3
o Ch.4: 25-31 = P 5;9,11-13 (from F.Ch.3) -
o - 1,2,8,10,14-20 (F Ch.13)
14 Ch.8: 3,4,9,10 Ch.7: -Q 6,7-10 Ch.6: 1-4,16,17
(17-20 from F.Ch.6) P 1-3,5-9 (6-11,13,14,18, +19 from.
| - L F.Ch.5)
Ch.7: 4,7,10,17-20,22,23
' (3,5,6,11-14,16,21 from
F.Ch.6)
15 ‘Ch.9: 1,3,5-10,13,15,16 -Ch.8: Q 1,7-9,14-19 Ch.15: 2,8,10,12-22
’ ' (Q 20 from F. Ch 14) (46 from F.Ch.l14)
P 1-3,6 - ’
| (P 5 from F.Ch.14)
16 »  Ch.10: 7,9,11-17,19 Ch.9:  2-8,11,12,14-16,19-26 Ch.16: 1-6,11,13-24
Ch.17: 3-5,9-11 L - :
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APPENDIX]S (continued)

: e _ - : ’ _ ‘ : = - 1========¥===;§= _?\.
" Freeman . o Chapter and question numbers ‘
Chapter _ Raytheon S __Houghton Mifflin L Prentice-Hall '

17 . Ch.17: 12-23  ¢h.10: Q1-9 . Ch.17: 1-10,15-20
| SRR | P16 T '

18 . ch.18: 1,2,4,6-10,13,  Ch.23: Q 6-9,11,12,14-16,
R . 14,16-19 o 20-23 . . Ch,18: 1-8,11-24
o P 3-10 SRR o
19 - . - Ch.19: 1-20 ~Ch.18: Q1,2,7,10-13 . . Ch.20: 1,3-6,9-18,20 -

20 o . Ch.20; Q2-7,11-16 - Ch.19: 1-3,5-18
- ' o : . . o o P 1-10 : :

21 . . ch.a9: Q4,14-16,19,20 -
G e e P13

220 ch.20: 1-17 . Ch.21:Q1,3-9,11-20 . Ch.2l: 1-18
23 _ ‘ o Ch.22: P 1,3-6

24 ‘ ' ~ Ch.24: Q 8,9
: P 1-3

25 Ch.21 (1,2 from F,.Ch.l14)
’ (3,8,10 from F.Ch.7)
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