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Introduct ion 

Th"s The is i s a stud of certain or an i c re cti ons 
w·th ~ vi ew of ada t i the, to use i n the a orLtor i st uutio 
in~ course in eneral Or ·anic Chemistry • 

. :ro·ect No . , ages 1 t hru 5 , eal s wi t the foruati 0n 
of a wide V,Lr i e t y of azo coloring matters y diazotizat i on , i ncludin 
a list o~ color i ng natters wlh.i h are rec om: .ended to t o s tudents as 
bes t fin ·ng out tis wide var·et toget1er with l a oratory n-

tructimn fo r their f orm~tion . 

rro·ect Ho . 2 , ages 6 t ru O, deals wit he condit· ons 
and time re u ired, fort e hydr olJsis of an ester , e . g . n-but 1 ace tat e 
and t he id.en ificat i on of 1e ro ucts ,f he · y ro l ysis , t o ether 
wit 1roce e ures rec0Pm1en ed to "!;,1s ....;t 'ents fo r such h, rolysis, 
a sp eec ut a ccur·.te · roof of the ro ucts f orme • 

r o· ect Ho. 3 , a es 1 __ nd 12 , ea wi t h the reactive 
it of tle al : ha o es w1en under t he i nfluence of act· va i ng 
grou of t he results o taine • 

?re j ect Ho . 4 , ages 13 and 4 , deals w· th the reac tiv ity 
of ar hal o ens when under influence of nitre grouys , with a l ist 
sun ari zin tl e results , and f · cts show~ the ex- eri1~1ent , to ~e ther 
with a proceedure u gosted for t-e conversion of 2- - d" itro 
chloro benzene to 2-~ d ini t ro~ni ine ya t es tu e reac t i on . 

Iro·ect ~o . 5 , age 5 , wh'ch de. l s wi th t _e me t hod fo 
testin r·mar r4r:1 ines and amides b t reat ing wi t h itrous acid, 
with evolu ti on of nitrogen , with suggested ·roceedure for the 
e i minat i on of the difficulties brou:-i-ht a out ~y resence of the 
oxides of nitro en . 

Iroject No . 6 , a~e 16 ani 17 , w i ch deals with the s n
thesis of _-but 1 eth 1 et~er by use of e t~yl sul )ha t e inst ead of 
e t hyl bromine , vvith smnr.1:ry of resul ts o t ained , and condit i ons which 

ive es t results , t oge ther wi th a suggested roceddurc f or a t est 
tu e x eriment illus trat ing this react·on . 

. I ro j ect Ho. 7 , ages 18 ,ind 1 , which deal s with the 
eff ec ts of the subst ituents R & R' u on the r ate o r edct·o of the 
ethyl ene com Jo ds , · s i ustrate y the ~ddi · on of rom·ne . 

1usntl t ative roceedure b wh ich t his was studied is iven , and 
a u li ta ti v e roccedurc , wh · c. the s udents r;iay rcc..d.i l see 
the eff ect of various su stituents i s sugested • 

• 



::'r j ec t H . To 
o"' 

r ) 
nstrute the Fo r: a t i on of ' v· de ariet 

olor · Eatters b 1 i a oti zat·on . 

Th dies are or ed bi 1:10 o-d. 'azot · zation , orb a 
seri es of two of more az ti zat· o s . ~he i m l est are the mono -
az o d cs . ~hese are fo rmed addit' on of a so ut· n of o 
n· t r ite to a HC a t of a amine , e . g .. m- ·tr - u ili e , or to s.n 
ami o rou , as found · su _ L.nil · c ac · d ; and t}1en t o the diaz tize 
substunc c i s ad' e a second -ort i on of the am· 1e, or ano t her amine . 
Th· s reac tion i s u u a l , carr · ed out at low tern eratures , about 
zero degrees , but f or a orator ernonstrat i on ·t ca e carr'ed 
out at room te erat ure . 

exam e of t is reaction i s the d' zotizat·on f s )h2. -
i lic <,c · d , with su se uent add ition of dime th an · 1 · ne fo r the 
formation of :·eth 1 Oran,e , a we 1 _:nown color·ng mat t er . 

•• ., .. IJ 
a. o;t C;,11 ,. + 1-1 C / -+ •~ S' .r--.. # ~ 

o• o• '--' .., 
co 

Fo the de : nstrat i on of t he e col r c !!!Ut t ers I made 
o u t i o u as follows : 

So • 2 grar.is of the su sta c e to be ia•ct· e 
20cc of o_ c . ::c 
...,QO c c of w~ter 

So . 2 . 2 er a.. s f Jo · um I: it rite 
00 cc of wu.ter. 

Sol . 3 . 60 • ram of Jod iu.r.1 . cote. te 
200 cc Of we. te . 

I o·xe 
bove , :.,.,11 

l t e '0 

lther a 
11 oth . 

e uu porti.ons f t he s l tions , · 1 or e1, .:·ven 
urcd u out 2cc . · rto each of a series of test tu es . 

ow added. a ser:::.es of aror..mtic c o:-n-o d s conte. · in· 
o or he Glic i nc l uding r ,l. ln..it.h e, c ·.•rou , , 
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I then recorded colors produc ed . The fir s t color produced i s in 

s li ghtly ac i d solut i on , and i s therefo re placed under column marked . 

Ac i d i c - i f thi s gave no reaction or col ori ng mat t er , I addeda few 

drops of sodium hydroxide and if a color was produced pl aced it 

undBB column ma rked Bas ic . 

1 . Coupl i ng of varin us compounds with diazotized Ani line o 

Second Component o 

1 . Phenol 
2 . Salicyl ic Ac i d 
3 . Aniline 
4 . es ore i nol 
5 .. b - Na phthol 
6 . o- toluidine 
7 . SuJ.phanili c ac i d 
8 . Ni troso b naphthol 
9 . eri Acid 

10 . 1 - 2 - 4 Ac id 
11 . H acid 
12 . Brenner ' s ac i d 
13 . Laurents Acid 
14 . Gam:ria Ac id 
15 . Am i no G Salt 
16 . Badisches Ac i d . 

Colored P pt . Produced . 
Aci d ic . Ba.s ic . 

Yellow 

YellOV! 

Bluish Red 

Purple 
Orange yellow 
Orange Red 
Orange Red 

Light Brown 

Orange red . 
Brick Red . 

2 . Coupling of various compounds with diazot i zed p - nitro -aniline 

Second Component . 

l o henol 
2 . B-Naphthol 
~5 o Aniline 
4. Salicylic Acid . 
5 . Resorcinol 
6~ Sul phanilic Ac i d 
7 . 0 -Toluidi ne 
8 . Nitros o b - naphthol 
9 . eri Ac i d 

10 . 1 - 2 - 4 Ac i d 
ll o H Acid 
12 . Broenner ' s Ac i d 
13 . Laurents Ac id 
14 . Am i no G Salt 
15 . I ydroxyl Amine HBl 
16 . Di me thyl Amine 

Col ored 
Acid i c 
Orange 
Bright Red 

Browni sh Red 

Orange 
Yellow 
Purple 
Yel 1 ow 
Purple 
Redish Purple 
Purple 
Li ght Red 
Yellow 
~r i ght R...,d . 

ppt . Produced ., 
Bas ic 

Deep Red .. 

Orange 
Grape Red . 
PurplG 

Brown 
Browm 
Brown 

3 . Coupling of various compounds with diazot i zed Sulphanil i c Ac id · 

Second Component 

l .Dimethylanil i ne 
2 . p -ni tro aniline 
3 . phenol 

Colored pp t . Produced . 
Acidic Bas i c 

Yellow Red 



r o j e c t 1 : (Con ' t ) 

fj' • ( C on ' t ) 

4 • .lmiline 
5 . Sul phanilic 
6 . b- naph t h ol 
7 . n itroso - b naphthol 
8 . o-toluid i ne 
9 . er i Ac i d 

10 . 1 - 2 - 4 acid 
11 . H Acid 
12 . Broenner ' s ac id 
13 . Laurents Ac i d 
14 .. Gamma Ac i d 
15 . Koch Ac i d 
16 . Amino G Salt 
17 . Badi s ches Aiid 

. ( 3 ) 

Yellow 

-qedd i sh Orange 

Orange 

Yell ow 

Brown 

4 . Coupl i ng of va r i ous compounds with dic1.zotized a - naphtha lami n e . 

Se cond Component . 

1 . nNitroso b naphthol 

Colored pp t . Produced 
A~i dic . Ba s ic -
- - - - - -- - --- - Brown 

2 . Sul phanilic Ac i d 
3 . Phenol 
4 . 0 - tolui d ine 
5 • • . esorc inol 
G. Aniline 
7 . Sa li cylic Acid 
8 . B- Naph thol 
9 . B- Naph t ho l am ineHC l 

10 . A- Na Ph thalami ne I,Cl 
11 . Phenylhydraz i neH Cl 
12 . Br oenner ' s Ac i d 
1 3 . er i Ac id 
1 4 . 1 - 2 -4 Ac i d 

Yellowi sh Orange 

Light Red 

B i ght Orange 
Reddish Orange 
Rust Color 
Brovri sh Orange 

Bro m i sh Orang e 

Reddish Br own 
' lui sh Red 

Br owni sh ol . 
BBown . 

From the a bove resul t s r .,_ r,.EHl ~mrn<end the fol lowing , as a clear 

way to bri ng before the students t he wide variety of a zo coloring 

ma tters producted b y diazotizat i on and coupling . 

Two s tudents may prepare the S'.) l ut i ons of Sodi um Acetate , 

S'.)di um Nitrite , Aniline HCl , Sul pHanili c Acid , p - nitro-aniline HC l , 

and a - aphtha lamine HC Lo These solutions are prepared in t h is way o 

Sol . 1 . 2 grams of subs t ance to be d i azo tized . 
20 cc of Cone HCl 

Sol . 2 

200 cc of wa ter . 

2 erams of sodi um nitrite 
100 cc of water 
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P r o j e ct 1 . Con ' t . 

Sol o 3 . 60 grams o f od i um Ac e t a te o 
200 c c . of water . 

When ready t o star t the ex per i men t t a ke 25cc of sol . 

~ . a nd pour i nto 25 cc of s olut i on 1 . ( ro l ut i on 1 . be i n g the one conb 

aini n g the su 1)sta nce to be d i azot i zecl . ) To t h i s n ow a d 2 5 cc of solmt -
f I . o • 

ion 3 . whic h i s to repress t he ion izat i o • Now place 5cc of thi s mi x t u r e 

i n eactr of f ive test tubes . Add a few d r op s of the ~olutions of the 

foll owing compounds a nd r e co r d color obt ained - I f no color i s obt ained 

a t first ( I n ac id sol ) then add a drop or two of sodi un hydrox i de . 

Su bs t ance s to be added ( Second Component ) 

1 . n iline ~ 
2 . b - Naphtho l ,.t,.,.....-kc. 

: :3 . Phenol ~e, &J .. ) 
4 . Pe r i Ac i d ~ 

5 . H Ac id ~ 

Repeat the a b ove proceedure us i n g dia zo t i zed p - nitro - a ni l fun e 

pla cin~ f i v e cc i n eac~ of f i ve tes t tub es , and addi ng th e fo l lowi ng -

record i ng c olors produced . 

Phenol ~ . ) 
1 . 
() b - na phthol f.., • 

,f ·{ 3 . Rcsorc i n ol I 
4 . Ami n 8 G sa l t 
5 o H Acid 

Rep0a t proceedure us i ng d i o. z ot i zed sulphanili c ac i d a n d )l.. 

pl ac i ng fi ve c c . in each of thre e test tubes , end add i ng the foll owi qg 

roc ord ing co l ors produ ced . 

1 . An iline 
2 . d i phenyl ami ne 
3 . b - naphtha l x 
Repea t p r oceedur e us i n g d i azot i z ed a - naph t ha l am i ne and pl~ing 

five cc . i n each of three t e st tubes , and add i ng t he fol l ow i ng - recor d 

i ng c o l ors p ~oduced o 

1 . b - Naphthalami ne 
2 . a - Ja phtha l ami ne 
3 . phenyl hydrazine {Cl 
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Pro j ect 1 . ( Con ' t ) 

Arrange the t est tub e s c onta i n i ng t he colorin g matte r s 

f opmed , in a s e rie s r a n g i nc; f r•om t he li gh t est f or med , yell ow , to t h e 

dark es t formed , purple . Th i s wi l l g ive a c l ea r e r concept i on of the 

wi de var i e ty pr oduc ed , even wi t h t h e mon o -a zo dyes o 

I fo l lowed thi s sugges t ed pPoc eedure a n d obt a i ned the f ollow

ing s er i e s . 

\...---

V 

✓ 

V 

--Bi a zotizod Sub o 

1: An i l i ne 
2 . Su l pha n i l i c Ac i d 

X 3 o n II 

4 o 
5 o 

>< 6 . 
7 o 
8 . 
9 . 

10 . 
11 . 
1 2 . 
1 3 . 
14 . 
15 . 
l G., 

a Na p1tha l J, i n e 
ti II 

Sul i)hani l i e .A c i d 
P - ni tr o - ani li n e 

11 II 

II i i 

An i line 
P - n itr o - an i l i ne 
a - na ph tha l u;nino 
.P_ ni l i ne 

II 

II 

p - n itro - aniline 

Sec ond Componen t 

An ilin e 
An i lin e 
Di phenylAmi no 
3 - naph t ha l am i ne 
a - na p lltha l a i n e 
b - na ph t ha l ami ne 
Ami n oG Sa l t 
b - Na ph t ha l 
Phenol 
b - naph t ha l 
Re s orc i n ol 
_h enyl hydr a z i ne Cl 
Phenol 
P er·i Ac i d 

-Acid 
H- _c i d 

Color Med i UI:1 . 

Y0llcw -Cid 
Ye l low Acid 
L i gh t Orange u 

· ri ght Oro.nee 11 

R II ed - oran ge 
Dee p orang3 
Li gh t Re d 
Bri gh t Re d 
De e p . e d 

,. 

Bas i c 
II Bric k Ped 

~rowni sh ~ed Acid 
Rust Col or 11 

Br own Ba s i c 
~lui sh Sed Ac i d 
Pur pli sh Red 11 

Purple Bas i c . 
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Pro j e ct No . 0 ~ o work out conditi ons f or hyd roli s i s of n - bu t yl 
a c e t a t e a n d i denti f i ca t i on of produc t s . 

I t i.s a we l l known fac t t hat an es t er can be hydroliz ed 
by water wi th form&t ion oft ,e a l cohol and ac i d from whi ch it came . 
This reaction howevBr i s never compl e te , a s the rev e r se r eac tion sets 
i n . Also it may t ake an i ndefinatel y l ong t i me . oweve r it i s poss i bl e 
to hydrolize an es t er compl et ely by use of d ilute a c i ds or bases . I t 
i s i n thi s manner t ha t I have worked out t he cond iti ons for t he 
hydroli s i s of n - out l y ace t a t e . 

~ :I STi":,TDAR.D I ZA _ I ;N AND HYDRJ LI S I S . 
I we i ghed out ap pr ox i :r.:ia t e ly 2 5 g rams of 1TaOH a nd d i ss olved 

it i n 500 cc of wa te r . I then meassured out thre e 25cc por ti on s of 

the hydroxide an( ti trz1 ted wi th . 2263 N HCl . The sod i um hydroxi de 

requi red 140 . 52 , 138 . 52 , and 139 . 8 cc . of a c i d . ;rom thi s I found t ha t 

the a l ka li solution was 1 . 262 1 N . a nd the refore conta i ns 1 0 . 0968 grs . 

of sod i um hydroxi de per 200c c . 

I plac e d 25grams of n - bu t yl a c eta t e and 200 cc o f t he 

hydrox i de sol ut i on i n a 200cc round bottom. flask and refluxed for 

1 hour . Then s t op ped the rea cti on and r emov ed t hree 10 cc porti on s 

of t h e l ower l aye r , which conta ins t he unused Na.OH , and Na c . I 

titra t ed thes e po r t i ons wit h the s t andard ac i d above and f ound tha t 

i t requ i red : 26 . 85 , 26 . 8 1 , and 26 . 83 c c to neutral i z . From t hi s 

data I calculated t ha t t he NaOH was . 607 163 N . and t r erefore ccin t a ins 

4 . 857 28 Grams of sodi u.~ h ydroxide . 10 . 0968 - 4 . 857 28 : 5 · 23 95 grams 

used u p i n t he r ea c tion . Now ac'cord i n g t o t he rela ti on 
~ -=- )( 
I I I. . o <t- o. • 

we f i nd that requ i r es 8 . 6 grams of sod i um hydroxi de t o compl etely 

hydroli ze 2 5 gram s of the e s ter . Now s i nce 1 ·3 have fo u nd tha t 

5 . 2395 gr a ms h~ve been used up . Di v i d i ng thi s by t he 8 . 6 grams t ha t 

will n e u . ed up when compl e tely hydroli zed , I f i nd tha t th :;es t er i s 

60 . 9 % hydr ol i zed a t t he end of one hour . 

I repea ted t he above proceedure and ref l uxed for 2 hour s 

and again withdrew 10 cc porti ons a nd titr a ted . I f ound t ha t j_ t now 

requir~d 8 . 34 and 8 . 35 cc of ac i d . Thi s g i v s a nor mality of . 18895 
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roject o . 2 Can ' t : 

Norma l , to the .aOH, or tha t it contains 1 . 5112 Grams of s od i um hydrox i de 

ubt r a ct i n g t h i s f rom hG ori g i nal amount of s od ium hyd roxide , 10 . 0968 

I f i nd t ha t 8 . 5856 gr ams have b~en u sed up , and div i ding thi s by 

8 . 6 the amount requir ed f or 100% h ydrolis ms , I get 99 . 8% hydrol i sis . 

Therefore it ma y b e sa i d that u s ing sod i um hydroxi de of this concentrat 

i on , tha t the es t e r wi ll 1)e completely hyd rolized at the end of 2 hrs . 

'IC ffi dentificat i on o f Products . 

After the hydroli s it I removed conten t s of flask to a d istilling 

flask , and dis till ed unt i l drops of wa t er 1Je gan to get p romi nen t in 

the d i s tila t e . I t hen added a nhydrou s pota s s i um carbonate to remove 

water whi c h came over i n distilate . Distila te \4f(s an a l coh ol and was 

t es t ed for by the f ollow i ng processes . 

(a ) Oxida tion of Bu t anol to Butyric ac i d . 

I to ok ab out 2 d r ops of the a l cohol a nd dis s olved them i n 5 

cc . of water . Then a u ded 1 cc . of cone . s u lphur i c a cid and l gr . of 

pota ss i urn d ichror-1a t e , and heated . l. n oder o f ranci d ut t er came o f f 

f rom the butyric aci d f ormed , t he reby prov ing presence o f butanol . 

I also tried ox i da ti on with p ota s s ium permangana te i n ac i d and 

ba s ic s olut i on . he a cid so l u tion and pe r manga na te gav e same rea ct i on 

a s the d i chroma t e , but t he a lka line sol . ga v e more of an oder of 

n - butyl - b~ tyrate . 
( Note - It is necessary to hav e the a lcohol very dilute before 

oxidation , e lse part is oxidizes and pa r't is not , with subse :,uent 
for ,-_1a ti on o f n - butyl - butyra t e .) 

( b ) I t ook some of the pure dry a lc oho l and obt a ined 

the :S . P . accord i n g to t he Lowy - aldwi n method - It was 116 degrees o 

( c) Forma tion o f a derrivative . 

Followi n g t he proceedure 01l t ~ind in Mull i can , u s i ng phosphorous 

p ent i c hl rmide and 3 - 5 d i- ni tro - benz oic aci d , I formed 3 - 5 d ini tro 

butyl - benzoa te . h e M. P . I obtalned was 62 . 5 - The true m. p . of this 

compound is 64 . 
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Pro ject No . 2; Can' t 

J:(. I dent ificat i on o f products continued. 

Afte r t h e ,,utanol ha ~ been d i s tilled off a lit t le of the 

residue i s made exactly neutral and t o it i s added a lit t le p ortion of 

e xa ctly neutra l fer ic c hloride . A deep red color~&i on formed , p roving 

pre ssence of acetate ion . ThBBefore i f r es i du e i s ac i di fi ed we hav e 

ace tic a cid o (No te: oth solutions must oe exactly neutral, e l se a 

ppt . of f erric hydroxi d 0 wil l form whi ch will be mi staken for t he 

f e -r i c a c e t a t e • ) 

I a l so prepared a derriva tive i n the fo ll owi ng manner . I 

too .r . 6 of a gram of sodi um ace t a te, O'; t a ined by evaporating the res i duj} 

. 3 cc of sul phur ic ac i d , and one cc . of aniline , hea ted them toge t her 

on a wa tc h gl ass . The product obtained was Ac etanil ide as determi nded 

by t he M. P . I ob t a i nd a mel ting poin t of 114 and it should melt at 

116 . 

1I[ Hydrol i s i s of a ~henol i c Es ter o 

I p l aced 25 gr ams of phenyl - salicylate a nd 20 g r ams of 

s odium , in a round bottom flask, with 200 cc of wa t er . I ref luxed 

t he mi xture fo r two hours . In t he fl ask t here were then t he sodium 

salts of phenol and salicylic a cid . I a cid i f ied , which li berated 

b o th a cids , which a r e insolubl e in wa t e r a t room tempe r a ture , a t least 

prac ti cally so . Phenol be ine 6 . 7 part s in a hundr ed s ~lubl e a t 16 

degr ees , and salicy lic i n s oluble . I heat ed t he mi x ture up , n early t o 
Q 

100 and f i lter ed . The ma jority o f t he phenol passes t hru t he f ilt er 

wh ile the salicylic a cid .. --;::~a in s on the filter . 

A mo re sat i sfactory w~y to separate t~2 t wo, i s t o pass 

a s tr eam odi carbon d i :Jxi de thru t ·te mi x ture of t he salts . The phenol 

be ing t h e weaker ac id is pp t o fr om it s salt , wh il e t he sal ic yli c acid 

be i ng st ~onger t han the carbonic a ci d i s l e ft in solution . I tr i ed t h is 
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Projec t No . 2 Con t . 

Hydrol ysis of a ~ henolic Es t er con ' t 

out by d i ssolving 5 grams of each in sodium hydr oxide and pas s

ing a stream of carbo ,1 dioxi de t hru the mi xtu r e for 2 hours . It 

worked but not v ery effi c i ently , as I only recov e red 3 . 5 grams 

Phenol , which l e ft par t of the phenol s till mi xed with t he 

salisyli c ac i d o 

The identification of these pr oduc t s i s r a ther d i f ficult 

since they ~o t h have very nearly i dentical properti es o Thi s 

eliminate s the ferr ic c hl ori de tes t'. The phenol solution can be 

concentrated however , bromi ne add ;d and the tri - brom tmenol be 

i denti f i ed . I d i d this and obtained a M. P . of 90 . 2 ( Ac tual 

M. P . i s 92 . ) This is not a cert ain t e s t as bromi ne removes the 

carboxyl gr oup from salicylic ac i d and would t herefore give the 

same . I owever it r i ght not do this in dilu te solutions , whil e 

it woul d for~ the tri - bromophenol . The Sa licyluc acid was 

tested for by add iti on of me t h yl a l cohol and sulphuric ac i d 

with format i on of the well known and easi l y r ec ogn i zable Oil 

of .'.' int e rgr o,en . 

· W Su£sgested Laboratory Proce edure for Hydroli s i s 
of N 1utly Ace tate o 

Part 1 o 

Take 10 grams of n-butyl ace t a t e and 5 gr ams of sod ium 

hydroxide d i ssolved in ?,00 cc of wa t er , and reflux for 2 hours . 

Stop the hea t and after contents of flask have c oo l ed somewha t 

pour into a distilling flask, connect to a cond enser , and d i s ti11 

unti l drops of wa t e r s t ar t coming over with t he a l cohol i n large 

amoun t s o Some wa t er will come over anyhow as t he a l cohol boils 

near the boil i ng po i nt of wa t e r . To t he distilla t e add anhydrous 

potass i um car bonate and l et s t a nd for a whil 8 • Then pour off 
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t he a lcohol . Take a j out thr ee drops of a lcohol a nd dissolve in 

5 cc of wa ter . Add 1 cc o f cone . Bulphuric Acid and 1 gram of 

potas J ium d ichromate , and hea t . No t e oder - an oder o f rancid 

butter , wh ic h i s g iven by butyric acid proves presence of butyl 

alcohol o Tak e a small p ortion of t he residue and make it exactl y 

neutral , and add to it a f ew drops o f exactly neutra l ferric 

c hloride . A red d i sh ppt . prov es presence of acetate ion . 
Par t . 2 

Diss olve equa l portions of phenol and salicylic a c i d 

in sodium hydroxide and 1)ass a cunrent of ca rbon d d>oxide thru t e e 

mixture . A ppt . form s . Wha t is i t ? 

Tes t t his ppt . by add ing bromine , which forms a der r i vat

ive . The M. P . will show t hat it i s tri - bromo ph ~nol . The solut i on 

will be salicylic a ci d . Test thi s by add ition of methyl a lcohol 

and s ulph mric ac id . It shoul d g ive a smell of oil of winte r green , 

proving presenc e of salicylic ac i d . Y hat does t '1i s show as t o 

re lative strengths of t he t wo ac ids , ( Phenol a nd salicyli c ac i d.) 



( 11) 

roject No . 3 : To demons tra t e reactivity of a l kyl halogen when 
under i nfluence of act ivat i n g group s . 

The reaction by wh i ch this can be tested is based 
upon t he fac t t hat the halide s are hydroliz ed i n wa ter with libii-r 
a tion of tho ha l ogen ion with s ubsequent reaction with s ilv e r 
nitrate to f orm s ilve r c hloride . 

I pre~ared so l utions of the halides , i n 80% thyl 

alcohol solution , which were to be te s ted a nd used alcoholic 

s ilver n i trate to test t ~em with , i n order to insure s olubil ity . 

Be low is a li st of the halides I tested and th e results found . 

l . ~t _ 3romide . c l ight cloudine ss aft e r 5 minutes . 
Strong cloudi ness af t e r 45 mi nutes . 
~ hi te pp t . af t e r l½ hours . 

2 . Ethyl , Br om Ace t ate . 
Cl oudine ss after½ minute 
Very cloudy a fter 5 mi nutes . 

pt . aft er 10 ~ inutes . 

3 . Ethylene Bromid e . I m~Pd i a te yellowish white pp t . 

4 . Ethylene Chlorohydr in . 
Sl ight cloudines s i mmed i ately . 
Tur bility i n 2 mi nu tes . 

5 . a - bromopropionic a cid . 

6 . I so - proply bromide . 

7 . Choloooacetic a cid . 

8 . I odo - a cetic ac i d . 

Strong cloudiness i mmediate ly . 
Pp t . i n 1 mi nute 

Ppt . af ~er 2 mi nutes . 

On l y s light tur bility a fte r a while . 

Immediat e ppt . 

From the above experimen t s I made a l i s t of t he ha lides 
in t he or der of t he ir react i vity o Th e most reactive fir s t, and ®'.J3 
on down . 

1. thylen e Bromi de 
2 o a - bromo propionic a c i d 
3 . I s o - propyl bromi de 
4 . I odo -acetic ac i d 
5 . t hyl rom ace tat e 
6 . _;; t hyl ene chlorohydr in 
7 . Ethyl Br omi de 
8 . Chl oro acetic ac id . 
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Two t h · .n. s re i l us t r,,. t e by t ho above experi r. ent • One 

i s t hat t he ha ides of the more couplexe order , -s e t h - br o. 

ace t , t e . u _ d a - roc o- ro · on·s a cid , are more reac t ive t hhn t he 

s i m le hal· es i ko e t h 1 roui e: ~ e u~con t h ·1g · t shows t he 

~rea t er ac tiv· t of t he i o ide than t ho ch Jr i e , as is sho~,n 

react i on of Io o- acetic a cid and ch oro - ~c eti c acid . 

the 
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Project o 4 : To demonstrate increased reactivity of aryl ha l ogen 
wi th increase of ni t re eroups o 

The reaction by wh ich I proved t h i s was t he reac tion 
of silver n i trate on t he hali de ion with format i on of s ilver 
chl or i de . I followed two proceedure one i n the cold with alcoholi c 
s i lver nitrate , the second by heatine; wi th KOH , acid i fying 
and then adding the s ilver n itrate . The fir st i s p l aced under 
column marked I n Cold , t he second in column marlrnd .....2.i_ o 

Below i s a li s t o~ the su~s tance s so t es t ed and the 
resul t s obta i ned o 

I n Co l d . 
1 . Ch l oro toluene No reaction 

2 . Chloro benzene o r eaction 

3 . 2 - 4 d i n itro chlorbenzene Cloudiness 

4 . Benzyl Chloride 

5 . Picryl chloride 

6 . o - n itro chloro benzene 

7 . 

I mmediate ppt . 

Clou d iness 

Slight c l oud i ness 

o t . 
Cloud i ne ss 

No r eact i on 

I mmed i a te P ~J t . 

I mmed i ate pp,t o 

Strone;er c loud 
iness . 

From t h i s I made u p a ta b l e of i n creas i ng r eac ti v i t y 
begi nning wi t~ 1 as t reactive to the most . 

1 . Chloro - benzene 
2 . Chl oro - tolurme 
3 . o - n IDtro chlor - benzene 
4 . 2 - 4 dinitro chloro benzene 
5 . Picryl chlori de ( Tri nitro c h l or ~enz one ) 
6 . Benzyl ChlorIDde . 

This tabl e shows t he followin.e; facts . 
1 . t ha t halogen on the s i de chain is more reactive t han on neucleous 
2 . That Neucler ha logen i s made more r eac tive by presence of other 
groups attached to neucleous . 
3 . That addition of nitro groups increases the reactivity of 
hal ogen , in proportion to nu~ber of nitro groups attached . 

Pa r t 2 . 
Can 2 - 4 dinitrochlorobenzene be conver ted into 2 - 4 d initro 

aniline ~ by use of amonium or amonium salts ? 

I took 10 rams of 2 - 4 dinitrochlorobenzene , 80 cc of 
a lcohol, and 80 cc . of cone . mon i um Hydroxide stnd refluxed for 
a n hour . ~1~n it was c oo l ed I f iltered , rechrys t a lized fr oM hot 
a lcohol , and obt a i ned 7 grams or 77 . 2 % yie l d o f 2 - 4 din itro 
aniline , which had a mel ting po i n t of 180 . 5 . The M •• shoul d be 
182 g 
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roje c t o 4 Can ' t . 

Test tube experiment o 

Tak e 1 g ram of 2 - 4 dinitro - chlorooenzene and 5 grams 

of ammon i um a cetate and heat fo r five mi nutes i n a t es t tube . 

,our into water, filter , rechrystalize from hot a lcohol and 

determine M. P . ,eflorting a lso any change in appearance of 

subs tance . 0hat i s it? 

I tri ~d t he above exper i mont and obta ined practically 
quantitat i ve ·ye ild of the 2 - 4 dinitro anilin8 as sh own by M • • 
I obtained a M. P . of 180 . 7 . The correct M. P . is 182 . 

This exper i ment g ives a me t h od for the r e placement of 
thP Ha l~gcn in a compound by the am i no group . 
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To show t hat Nitrogen i s evolved when a primary 
amine or arni c e i s t reated wi th nitrous acid . 

Thi s reaction of a prima ry amine or amide with 
n itrous ac id is a well known reac ti on . The d i ff icµlty is t hat in 
adding the acid t o sodium n it r ite , oxides of nitrogen come off , and 
th se ma ke it imposs i b l e to t ell whe t he r we are gett i n g o f f Nitrogen 
or not . Th t~ diffi cul t y i s removed i n t he Van Slyke me thod of 
determining n i t rogen in amino groups . ( Described in Hawk ' s 
Phys iolo~ica l Chem i s try ) How ever we can eas ily see that this me thod 
r equir es appara tus t ha t i s too cost l y , and require " too much tim 
for an ordinary l aboratory test for primary ami nes . Yet we can use 
a very impor t ant I d a of a m Sl yke ' s , t hat of abs orb i ng the oxid es 
of _ i trogen in an a l ka line s olution of po t assium perr!anganate. 

I made up my permangana t e 0o l ution as foll ows . 

6 grams of Potass ium permanganate 
4 grams of Potassium ydroxi de 
200 cc . of wa t sr . 

I n a t es t tu~e with delivery tube a ttach3d I 

5 cc of 20% solution of sod i um nitrite and 3 cc of N/10 sulphur ic 

~cid . The end of the de livery tube was placed under a test tube 

filled :v ith t11c p ermangana te so lution and inverted over an 

evaporating d i sh f ill ed with tho )er□anganate so l . Th test tnbe 

·,vas fil l ed with a gas from the reaction, which f or thP. mos t part 

was a ir from the ap~ ara tus . I then plac n, th e delivery tube unre r 

a second tube , but only a very li ttl e b it of the solut i on was 

forced out by gass , even when heat was appli ed . 

Aft er this blank run , I laced t he same amount s 

o~ acid and sodium nitrit~ in the reaction tube and added n g ram 

of Me t hyl Amine 1Cl . I aga i n caught the gas over pe r manganate 

however thi s tie coful octing thre e t ubes of gas . I d i s carded t he 

first two . I nto the third I p l a ced a lowing Rplinter whi ch was 

emmed i a t e l y put out . Now accord i ng to the equa tion for t h is 

reaction of an anine with n itrous acid t h i s gas should be n itrogen 

T fact that in the blank run , onl ~ one tube waR f illed with gas , 

and tha t i n tho second run three tubes were g iven off show t ha t 

nome as from the reac ti on must have come off . The e;lowing splin t er 
ext i 1,; L, .o 

g iv a r a ther s ubstant i a l pro0 f of Nitrogen . 
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ynthesis of ·th yl - 3utyl Sther by use of Ethyl 
Sul pha t e instead of ,thyl 1romi de . 

The ol der me thod in which · •,t1~:rl b r om i de a nd n - hutyl bromide 
were _used has many draw a c ·: s , c hd:ti,f .,_ a mong them the reapoa t ed 
fra ctionat ions re quired, and the diff i culty of having eff i cen t 
condensa ti:::m . 

A t es t tube exper i ment performed by L . J . Desha , 3/18/88 
i n which a mi x ture of n - butanol and e thyl su l pha t e were placed in 
a test t, be and a smal l p i e ce of sodium hydr oxid added , gave a 
violent rea ction . Af ter reaction had c eased 0 a little wa t er was 
added , t he tube shaken , and a llowed to settl e . Two l ay 2rs were 
observed , t he upper layer ~ ivfun g ind ica tions ofl be i ng Et~yl 
Butyl ..,the r . 

Cade i n Chem . and £le t . ol . 29 , page 230 gi ves proceedure 
for mak i ng Phenetol by use of ethyl sulp}1a t o , and says it can be 
us d for ot "er mi xed e t hers , f or example ethyl - butyl ether o Taki ng 
this s uggest ion a n d a ltering somewha t I prepared thi s ether and 
o b t ained good results . Three variations were tri.d . 

I n the irst m~ thoa tried I placed a mol of · u t a nol and a mol 

of sod i um hydro xide i n a 5 0Ccc round bot tom flask , connec ted with 

a long wa t er condenser . eated t he mi xture up to 100 degrees and 

added s lowly a mol . of ethy l sul phate . A vigorous r action set in . 

when thi s ·1ad slowed d own some wha t I refluxed it at aoout 100 

for 4 hours ~ remov ed f l ame allowed to cool, and t hen se t up 

apparatus f ar dis tillation under reduced pressures . I d i s tilled 

off the e t her formed a t 40 degre es and a pressur3 o f 1 00 mm . hen 

dried _wi th a n "1ydrous ) Otass ium carbonate . Then dis till ed off the 

ether . I t came off betwean 86 a nd 98 degrees . Ye ild was abou t 

89 . 9 grams or 87 . 8 % y i eld . The tota l time required i s about 5 

hours , not covnting time for the dry i ~g 0£ the ether o 

I n the second method I used½ mol of sodium hydrox i de 

and n - butanol . eated t he mixture to 100 g egr e es , a nd then dis 

contin ued t he xte _nnal heating . _ o·.v add (➔ d ! mo l o f ethyl sulphate . 

tillizing only t he hea t of tho reaction , which l as ts abomt 45 mins. 

I t hen added a bout 4 times the volume of the mi x ture ·of wa t er , 

poured into a sepBr at ory funnel . Draw off lower l ayer which is 

wa ter , and pour the upper l ayer i 1to a d i stilling flask . Dry wiht 
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~roject No . 6 Con ' t: 

anhydrous potass ium c a r b ona te a nd distill . It came off 

be t ween 85 and 95 degr ees . I obt a ined a yie l d of 34 . 2 grams or 

66 . 7 % yeild . To t a l time required i s onl y a l ittle over an hour , 

no t countins time for drying of the e t her . 

Tho l as t method I tri e d is pract i call y t he same as t he 

s ::: cond . Using one mo l each o f butanol anf ethyl su l pha t e , · but only 

1/2 mol of sodi u..m hydroxide . I also refluxed for 1/2 hour, before 

addi t ion of water . Sepa r a ted as before , dried and d i sti ll ed . I 

obtained 77 . 3 grams or 75 . 3% ye ild . 

Ir commend the last me thod as it i s much shorter than the 

fir st me t hod , el i mi nateg t he dis tilla tion under r educed pressures 

and requires l ess NaOH . I t ~ives a better yei l d tha n the second 

me th od . 

Test t ube experiment . ~hich I tried sucessfully . 

Add a smal l p i e c e of sodium hydroxide to a mixture of 

1 cc each of but a nol and ethyl sul pha te . Vi gor ous r action sets in. 

when t his ceases add ab ou t 5 cc of water and shake . Allow to s e ttle 

and p i pet t e off a li ttle of the up ,er l aye r . Dry with small amount 

of a nyydrous potassium carbonate . Test the e t her by add i ng sul phur~ 

ac id ( Cone) The ether i s d i ss olved with little colora tion o en 

col d wa t e r i s a dded it separat es out into t wo layers aga in, tho 

part of the e t her is lost s ince heat of the sulphur ic acid and water 

is qs~fficient t o eva porate some of it . 



Fro·cct No . 7 : Bffect s of t ho s • tit• en ..:i R 
of ~b~c t · o f t ~e c t h e c c 

- " 

R r _ o t Le r ..... te 
of t Lb t , e 

l.. i t· on f r·o . .1 

t..c ·· , C 

1..1 Gtho 
l1uL C 

to hl[~ -CC 

1,l'h' t i s 
to t L.e dou 

t r• . C 

c. _ · s n . 

ue-ssure t Je r -t e of 
t le co .• . o ds , V e i c 

c e . : u 0oa ~ ~ L t · t·ve 

Fi rs t ut ·ons of t Lu t hr~c s Lt ~ncca 

t o e t es t o , in c~r t ctr--ch- ""' e .. ~,_ so re ~ e s u. t · OJ. s of 

• .'.:: 5 :r . . ro .1 i ne i • 

s l u tio1 of ~od i 

T · ptte t t wo t e cc . o t · ons f t he r ~i e 

o 'J. t, · on , 

estr .:; 

r " 
'- .L 

e 

. out 2 'l' ..... ..:i O f L , ul 

· b erc.. t e~ tht lod · r {, f.L· 111 t :!1e 

,, Il fo 

:::4 . ~ cc of God i .. t:r i ) 

T u t o L t 1,, o 

S 0 •. I C 

.,. 
'--'- , 

cc of ~ e c ~c i 00 ~io . ~e + t he ~ t ~ 

cl . 4 cc f t Li ost.l J. u. e . 

Orlv " i1 · ~uic c.. C · d a_ d. t · d _.,r et h 

G. 42 , cc J f 

IT 

u d i 1.1 b · c;....r or__. e . 

1;;.., t e 

s u f ,1,Lesc 

.., (, . f 

., II 5cc '! 

1~·ich J..:.· ctLy l une . .A . 0 ., II n L ... "' .J. .:.ne . 

C , • 

re::, 11 t s .:.11 t h . .., 

v e C . 1.C id . L. 5 c3 Ll .,l 

, . 
n~.1 ~ • ,.. 4 V 

Tr'chloroth \j <., G. 24 

C r• c• <-1. ., :e e 

1 2 . G c c o f' 

A 

• 57 • 

L. 1 
.., ,.. 

• ~ J 

t h· ..,1.,. )c _u. e - . .L 2 cc f B 

,, 
2 8 II 

. 

2, 



J 

- \ 

-

p C -r • l1 Con' : 

e c .... i d 

:id_cl s bro ... · :10 st rai, ·d , c·nn< .. i c next P 1d. tri ch e,ro th:; e e . e ~ ~ • 

But -:;hr:.t on hoatin.c- they a ll re uire -• out the oa111e f ol' s~.turL. i o.r.. 

u. o t uc of :r01.1i e . r:; .e le ic e •u.J to ta:.u en r:1or0 , 

For 01:u.· ar· ab rat r e '.:JE,r·i.: 0 t s gges t· &t the stud-

ent ake a 10 t 2 cc e1:..ch of the s lut · o s , or a out :,: 0 tro1gth 

Lncl a d a f mv1.:dro1, s of br .1 · ue , in curbon te t rachl 1·ide . ~:ote a 1' 

d i SSL J earence of t~ C col.r . '.::he leic w·11 e see to ta ::e ro.:line 

I'8. . ell· 
' 

t e ciun ..... u i c 8 oHer with forr: ati n of a vn·te t • 
' 

a d 

the tr· chloroet _ - ene hurcl an . The . 1 cc the tu es n water at 

~bout 60 de rees and 0 St.:l' e th£..t the color l oaves n.11 t ree t G<' "" • 




