Union College
Union | Digital Works

Honors Theses Student Work

6-1956
Various regular and irregular precipitate structures
in gelatin gels

Martin Stanley Ferguson
Union College - Schenectady, NY

Follow this and additional works at: https://digitalworks.union.edu/theses
b Part of the Chemistry Commons

Recommended Citation

Ferguson, Martin Stanley, "Various regular and irregular precipitate structures in gelatin gels" (1956). Honors Theses. 1771.
https://digitalworks.union.edu/theses/1771

This Open Access is brought to you for free and open access by the Student Work at Union | Digital Works. It has been accepted for inclusion in Honors

Theses by an authorized administrator of Union | Digital Works. For more information, please contact digitalworks@union.edu.


https://digitalworks.union.edu?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalworks.union.edu/theses?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalworks.union.edu/studentwork?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalworks.union.edu/theses?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/131?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalworks.union.edu/theses/1771?utm_source=digitalworks.union.edu%2Ftheses%2F1771&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalworks@union.edu

{

VARIOUS REGULAR AND IRREGULAR PRECIPITATE
STRUCTURES IN GELATIN CGELS

by
Martin Stanley Ferguson

A thesls presented to the Department of Chemistry of
Union College in partial fulfillment of the requirements
for the degree of Bachelor of Secience with a Major in
Chemistry,

Approved by ﬂ/@'

May 26, 1956.



g /%57

LAV ER

Y FTrhon

GrFF

183110,
X

INDEX

Sub ject Page

Introduction,sssassennusnswnd
Historieal,suansnsinsrsnsnnsd
ApparatiuSsssssessscessasesead
Experimental,ssseeonssvesaesd
Logend =~ Plate Teasesassasslll
Plate I;-*nnnu;ncbbcvonvocels
Discusslonyessesssssssosneeld
SUMEYTessnnensnsessnsnosasl?

Bibliography..«..'..uuc...¢21




INTRODUCTION

In the fileld of Collotld Chemistry, preeipitate struectures
in gels have beoen studied for qulte nmwim. The formation of
a rythmie band configuration imown as ldesegang rings, when an
insoluble salt is formed by the gradual diffusion of one ion
into & gel containing the other ion has become o conmon phencmenon,

At the outset of this research project, the primary intent
was to econtinue the work of X, DeSlieno inte & somewhat dlfferent
regular structure obtained by ionie diffusion in the presence
of mercury vapor, This phenomenon to be studied involves the
formation end nature of radial lines produced when silver iona
slowly diffuse undeyr closely controlled conditiens Inte chrome
ated gelatin In the presence of mercury vapor,

In the process of varying such things s time, consentration
of reactants and mereury area, striking results sre obtained,
Together with the ocourrsnce of various radial struetures, a
number of unpredieted vaeristions ean be produced, The effsct
of these varisbles on preecipitate structure will be discussed

in this theasls,
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Gelatin has long been used in Cfolleid Chemistry to allow

d1Pfuston without eonvection, Its imtroduction as & fliter
for solleidel particles is made posaible by the physical structe
ure of the gel, Hemee, honding ls such that iens ean d4iffuse

through, but the larger particles are held by the struecture,
Many studies have besn made utilizing gelatin in both

physical and eollold chemistry, The most striling of these
older phenomena is that of Liessgeng Rings, These were discovered

20) in 1896 when he placed a arop

by R, Lissegang (10, 18, ?
of silver nitrste on @ glass plate eoated with & molst gelatim

‘solution conteining chromated lons.
Secuent omes have produced concentrie ciréles of precipitates,

’“Muh, ag fer as ¢zn be peeertained from = geareh of the 1ite
dimengions, Considerabls work

fiis experiments and sube

erature, are of the maeroscopie
has been done on the nature snd Pormation of Lissegeng rings.
othere (6, T,

g in test tubes,
e fleld, An

Horks of Hedges end Tenley {13}, Pary {1}, and

8, 27) nave added much data to these formation

but thers are many contradistory opinions in th

extromely comprohonsive survey of the subject up Ho 19 6 48

"The ?mblmfi‘hyduahmlul Pariodieity”,

Hedges and Myers book
In using # test

where an extensive bibliogrephy may be found,

tube to nroduce the strusture, 1t is moted thet & series of

bands or dlscs corresponding te 8 thim strip cut transversely

from the tube sre formed.



0f the many theories advanced om the formation of Illese
egang ringe, the superssturation theorly of Wilhelm Ostuald,
proposod in 1898, still enjoys mush faver (10, 22), When silver
and chromate lons d1ffuse towards each other, Ostwald states,
a mcmwnm solution of silver chromate forms and precip-
itation is delayed, vhen the preeipitate hes finally formed,
there Ll a marked deflelency of chromete fons in the gel, Honce,
the silver fon must travel & notable distance before a degree
of superssturstion can ngnm be mwhod. The distance would
wlum the appssrance of elear spacss in the gel,

Gthor importent theoriss have been advanced by Sradford
(2) snd Wolfgang Ostwsld (23, 2,) and have been modified by
many inelu’ing Batwschek (6, 7, 8)3 Som, "har and Chatberji (27)
Hedges and Wenely (13), ond Holmes (17), Bradford's theory inm-
volves the adsorbent effset of the collofdal preeipitate om
the slestrolyte in the Lmmediate vieinity, We. Cstwsld sttribe
uted the formetion of rings %o a reverssl of the normal rezetlion
28gH05 + Xplrly, —~ Ag 0Py + 27Ny st regaler intervals, This
soluble resstion product glves rise to Ostuwsld's diffusion
weve theory, 411 of the preceding theories have been sevarely
oriticleed, and nome have boen accepted as mplaining 21l facots
of the phenomenon, |

The formatiom of redlal lines umtim& in the introduction
wag firet observed in 1943, Literature on the phenmomenon is
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surprizingly lacking, and 1t s surmized that 11ttle has been
done on the subjeet,

He Friedeberg (5) presented a paper in 1954 coneerning
methods of obtaining the redial structure, but gan no further
references nor explanations of thelr esuse,

Re DeSleno (L) in 1955 attempted to expand and gontinue
the work, but came te no positive sonelusions as to their structe
~ure, As & result of the work hovever, Pe3ieno theorized that a
precipitete is formed throughout the thickness of the gel, Thenm,
a8 the silver is contimually peduced at the gel surface, the
procipitate disapperrs as indieated by the muotian ‘Bzcl‘% ==
2hg™+ Croy™" rumning to the right, T™his explanation makes no
attemot to expleln why the lines run in the observed direction
or whuat causes the separations between the lines, Murther obe
servations of DefSleno that may prove mesningful ineludes 1)
mereury seems to be indispensible to formation and is found
in the surfrge mirror of the gel, 2) the soncentration of chro-
nate must be very low{0,01e,17 by welght, or several hundred
times less than the silver nitrate), 3) formation of the lines
was found only in gelatin gel,

Other structurss in gels include meny miscellanecus ire
rogular growths, Mumercus experiments msy be cerried out for
novslty's sake, Among these are some produced in siliele aeid
gelas (16), Typlerl examples avre the formation of lend lodide



erystals in an attractive m-n«.um stracture, the metallle

“lead Tree", and the very distinet smorphous copper chromste
banding in these gels.

-



APPAR

The appaeratus used in the major part of this experimenw
tation is a modifieation of the final developments mede by
DeBieno, This Ineludes a sizeinch desiceator with a pool of
water in the bottom, =nd snother pool of mercury in = petel
dish supported cbove the water, This arrangement allows the
atmosphere within the desleeator to be quiekly setupsted with
bath mercury snd weter vapor, The chromsted gelatin in lthid
Porm is applied to s microseope slide »md 1s allowed to set,
Then, tovards the ecsnter of the gel, s fine capillary tube cone
taining relatively concentratsd silver nitrate is supported
in gontaet with the surfoce by a small plece of ordinary modele
ing olay. Ths siide umit is then pleced in the desiccator and
iz sealad in the uemm\nmmmﬂ for at loust fortyeeight
hours,

the mnlwuh mentioned above are made in the following
manner, Seven millimeter soft tubing iz dravn out to a espillary
in a wing tip Meme, Husl)l sectibns of about four or five centie
moters are then drawn into fimer tips st thelr snds., These
tubes wors of suffielently smsll Memeter to allow gradusl dife
fusion into the gelatin gel, ;

Standerd golutions of potrssium chromats and silver nitrate
ave prepared st the cutset, The originel chromste solution 1s
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mede 0,100M and must be dfluted down to tha range of 0,01e,17
by welght(S x 10°8 to § x 10°3M), 4 0,50¥ silver nitrate solution
is aurru&mtly strong so thet auwu- ions mu.y diffuse into
the geletin, '
' An early attempt wos mm to eonstruet sn umu@e coll
h’m & ground petri-dish and » glese plete, Mereury and water
are placed in the eell similer to the deslcentor srrengement,
and the amm of the esplllary must be bemt to bs eontalned within
the rpparrtus, The cell is designed so that the resction may
be followed under = misrosecpe with a long foesl length, 4
binocular type microscope made by the Basch and Tomb Optissl
Compsny ts sufficlent for this operstion, This eell 21d mot live
up to expootations, but the suthor is convinesd thst further
research would maite this method preetiscsl, Froblems encounteved
in 1ts operation »ill be discussed in the "experimental™ sese
tion of this paper, ‘ |

The photogrephs incinded in this thesls were taken with
8 stendard eamera for photemierography (3)., The slide wes lighted
with » mierosecope 1lluminctor obliquely from above, An exroge
urs time of ome minute was used for the negative in all eoses,
Kodelk PenstomleX sheet film was used, and it was developed
with Hodak Universal My developer, Prints were made on Fodaj
sonmlemat paper. o

A1l mossupements given in this paper were msde vith n



syeplece micrometer used with » sixteen millimater objective
snd ¢ ten x eye-plece with the tube at full draw, A stage mis-
romster manufrotured by ths imerliean Optieal Company was used
te aslibrete the eye-pisce scale, This mothod glves s culok
comporisen of ring distances on verious glides,

The use of this eouipment =nd the results ebtained with
it will be expleined in greater deteil in follouln; seeticns,



fxperimentation to obtain ldeal eonditions under whish
redisl bands ere formed met with comsidersble difficulty, In
verying consentration of resctants, some very odd effects and
structures wore obtained until 1t was realized thet dilution
srrors were ssusing them, Tarther expsriments using potri.dishes
ag exrlrined in the spparsius secdtion met with felflures worth
noting,

In order to ohserve the resciion as 1t procesds, some
method of contalning the system in 8 compact unit must be deve
eloped, Variations using the petri dishes were not fully ex~
plored snd data obtained wers scamt, Chief difficulties emoounw
tored were fellurs of the sllver lons teo diffuss completely,
and formation of a fog inside the system when 1t wes viewed
under o poverful direct light, It seems possible that the silver
nitrste concentration must be much higher when it dlffuses from
* bent caplllsry tube, It wne observed thot flovw from the sap«
11llopy was slmost meglligible ond that the reduced silver surfece
on the gel covers & diamster of only s=bout ons centimeter, Yo
charceteristie strustures were obtained by this methed exeept
thed & very heavy silver devosit wes centrelly lucated, Under
& high magnification the silver seemed to wmn‘ » definite
erystrlline fovm,
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A mothod to eliminste the feg in this smaell sveten was
not developed. the use of & wetey cell #s a heet filter in
front of the 1lluminater may serve to solve this problem,

To obssrve the phenomsnon ns obbained by Priedeberg and
UeSieno, further experimentetion was oarrisd out using strelght
capillaries and emelosing the resotion in an alr-tight atmose
phers of seturated mereury vapor within o desiccator,

4s slated at the outset of this sectlon, many unicue
ferms wore obtained by va&ﬁng conoentraiions, Pirst attempts
produssd 11¢tle movre then o solid sh&ny silver mirror on the
surface of the gel. With a retie of silver te chromate ion of
five to one, very inconsistent rssults were obtalned, Most note
able of the structures found wers thosse of micressopic Tdesapung
rings. Ma rings were the most reprodusible of the structurcs
Founds, They begen cbout & millimeter frowm the peint of applie
cation of sllver nitvate end continued out mmtriuvlm .
fow millimetors, The rings were svidantly of reduced silver,
s W bright in appeerance, Measurements of various samples
egeorteinad thet these rings were shout 0,00540,01 millimeters
HPpEPt, |

Using the seme relative concentrations(C.5¥ AgNO; and
Oal¥ Kp0r0y), structurss similer to radial bands wers observed
Many of these vere noted to be superimposed upon the misrsseopis

liesegang rings. These hands conformed im every way te thess
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found in De3lemo's work exeept that bhey faded out towards the
outslde of the gel, Tnate:d of exhibiting » eomvlete break,the
lives became thimmer until they disspposred, This difference
has lsd the suthor to belleve that the ﬂm‘&m Wis Ot eome
parsble te DeSieno's, The lines were, However, very narrowly
spueed, and messurements of thelr oversge mwm apart wos
found to be 0,02.,04 millimetars,

Uaing the same concentrations =8 sbove, 1%t wis noted many
times thet with » very marrov escillary the silver d1d not en-
tirely cover the surface.i t'a.w#ms devised utiliving these
concentrations, JSeversl small tubes snd sever:l tubes three
times the dlamster of the small ones were drawn out., These were
placed on gels in the usual manner snd the heights of silver
n:lliwum solution wﬁu noted, Unon diffusion of the solutions fer
several days, the smell tubes had relessed emly four millimeters
of silver nitrate, while the larger tubes wers empty, Tn each
euge the dismeter of the sllver deposit was the ssme: about six
millimetara, when the slides M turned over, the m"‘
presipitnte eould be seen, Usirg the lavge bore tubes gave &
layer of red, them vhits precipitnte, In the serples Mﬁm &
meall dicmeter tube only a white preeipitste wee present, "he
significincs of these observations will be trested lester in the
diseussion, | :

The appesrencs of the preciritste raised some question
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r8 to 1lts nature, JSeversl susiitctive tests wers run te nerrow
down the possibl ities of its composition, fippliention of a
fev drops of smmonlum hydroxide dissolved the red preoipitate
trmedintely, and the white prseipitiate wae soon dissolived olso,
This would indleate » silver salt or salbts whieh, Judging from
the eolor, would probably bs the shromste s=nd ehlerides When a
Pew drops of nitrie sold were cdded to the mass, the gel “nd
sliver surfree dissolved snd the red and vhite presipitutes
formad & suspension, "hers wzs no slgn that the wmimww
would dismelve im nitrie aeild, Addition of & few drops of dilute
hygdochloric acld esused the gel to dlzsolve very slovly, lenve
ing tha preeciplistes.

lome interesting strusturss, rings, snd 1lines mre formed
in control espsriments, The control consisted of o syalem a8
before, but omitting the chromate fons spd mercury VipoOTy heae
tests showed upmistnkable but diffuse and widely gpaned llesew
gang rings, The rings sre derkensd :nd mreroscople) sppasring
= #illimeter or more apart. inother strusture svident ‘in the
control may be deseribed es wodified redisl bmnds, The bands
sre rogalar, but spe eurved wround in one dirsetion, Appecrsnce
of sueh » phenomenon is unexpleined, Alse presant sre various
1rreprodueible random liness ' |

dppryent in the regalsr preparations are various sizes
of silver erystals., These rangs in slze from largs ones on the
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surfage to very minute flscks both on the surfoge *nd within
the gols In meny of ‘hs wore comesmtr:ted _mswim redizl lines
ere notfced that are melther pegulor mor chorscteristic. These
rediste from the ecemter »t rendom "Bgles,

One of the most serlous difficulties with this method
1s reversal of diffusiom, In gertein coses hen the chwomste
concentretion in the gel was too grest, shromete ioms 41ffused
up the tube snd formed » silver chromnte precipitste withim
the wnlls, T™his is best prevented by uee of sufficlently low
ehromate concentrations

Reprodueible production of radisl bands hes been verde
fied by using the consentrations suggested by De3temo, That is,
the silver fon concontration mmet be several hundred times that
of the chromete lon, Very good results were cbiained with spe
thir 0,067 ehromste, Tiesegang rings wore =lse fermed
in this preperetion, i

The significsnce +md interpretation of these resmlts will
be diseussed in the following section,



{1}

{2}

(3) It

Jpper chotograpn

This photo shows the Liesegang ri;;sn formed
vhen 0,50¥ AglO; diffused into warkly ehros
meted geletin in the presence of mercwry
vapor, A1l three photos were tcien wsing the
lv;m(l& i, objective) pover magnification,

Yote wide rings opd ¢ yedial strusture begine

ning in upper right,

Mddle Photograph

Illustration of the affect of increasing the

shromste songentrrtion to 0,10M, A very fine
reguler strueture, There is slse present =
rendon 1ine rwming through the cenler,

SRR M S0 AR G T

Another slide showing miercseopic Llesegang
rings, These ‘.uhﬂ and proceed to the upper
left of photo. :






=16

The use of & fine ecapillary has been shown to be the best
wothod to provide silver ioms, Widely varying resulta may be
obtained by ehenging the size of the amnluiy or varying the
concentration of resetsnts, Although the question of cause of
rediel bamding 1s uncnswored at this time, seme very inseresting
cocurrences may be noted,

The mest signifiesnt and reproducible result is that obe
talned vhen both silver and chromste lons are censentrited. Tt
wag noted by UsSieno thot after redunetion by wereury vapor ne
preci:itste could be seen in the gel interior, Contrery to this
observation, a laysr of red and white precipit-te has been noted
by this suthor,

The physical sppearsnes of the precivitate suggests several
possitilities concerning its presence, The sppear:nes has slwnys
boen the swme; from the slide bottom, the order of oscurrence
is & small .mz& eirele, a lorger white nimm, ¢ glesr portion
of gelatim, snd finelly the reduced silver st the gol surfece.
It is the ordor snd distances thet ars n&.gnﬁfmmm Whan the
white substence wes first seem, 1t wes thought to be e chloride
conteminction, Testing of this layer with KE,O0H, MO, snd WOl
has indlected thet this may be no, A test om the only possible
contoninent, the gelatin, shows only = slight eloudiness that
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might be attributed to sllver shloride, It seeoms improbable
thet this very falnt test ecould be the source of the intense
white coloring in the gel.

A posaibility thet heas no experimental background, bub
soems faosible is that the white substonce may be sn intermed-
iate between the red silver chromate »nd the silver reduction
fwmt.. The faet that thls substonee clways ooceurs bestween
the lover red precipitete snd the clecyr gel lends support te
this theory, Another possible variable iIn this comnection is
the thickness of the gelatin, It is noted thet the preeipitation
phenomenon occurs profusely vhen there 1s a thick gel. This
would indierte thet sither 1)the lons esn not troval this dige
tanee to be reduced by the weroury, or 2) access of the mercury
to the gel is restricted =fter a thin silver surfrce has been
formed, Elther explenction would seeount for the stronge preo-
eipitation, These observations tend to back the theory thet
there 18 #n intermsdinte formed snd thet the thickness of the
gel may be signifiemmt to strueturrl formation,

Some further comment must be made on the relative cone
gentretions of sllver snd ehromete lons, DeSiene found thet
radisl bands were produced vhen the silver iom wis one hundred
or more times consentrated them the chromate ions, "his relatiom
wig verified in these studles, but the cause wers not determined,
1t 48 entirely possible that this grest concentrstion differsnoe
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is necessary because of some physical aspects of the method of
applieation, Purther study into this variable would be highly
dasirable,

The appearance of macroscopie llesegeng rings in the
eontrol test was en innovation not expected, These controls were
run in the absence of meroury vapor and chromate iom, Veverthee
less, the gel took on & darkened appearance and rings were
formed, A possible explanation of this phenomencm is that the
slight ehloride contamination in the gel mentiened bqtm WAy
have formed rings with the silver fon, TUpon belng sxposed to
light, these rings would darken and give the brownish appsarance,

The mieroscopie llesegang rings pletured on page {ifteen
form a very regular strusture, It was Cstwald's theory that dis-
tance between lines was inversely propertional to the consene
tration of resctants, This obssrvation is borne out in the
produstion of very c¢lese rings with econcentrated solutions,

Further study inte this phenomenon should inelude 1)
study of the eritieal mamkmﬁm range, 2) studlies of reaction
nechanism, 3) investigation of possibiliiles of other redusing
egents, L) charasterization of the unexplained white precisitate
within the gel, and %) studles inte other insoluble salis whieh
may produes this phenomenon, and other related toples.
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The diffusion of silver nitrate frem a fine eapillary
into chrowated gelatin in the presence of mereury vapor proe
duces charasteristic structures, T™hese l‘WW« are related
to the soncentrstion of reactante, S5ilver lons in m sapillary
mast be of sufficlent goncentration to allow diffusion inte the
gelatin, Chromate fons must be limited to & low concentration
{5 x 10 o § x 10°3) for successful produstion ef redial lines,
A ten pereent gelatin seolution is & s#itahlu Mmﬂ for the
reaction, An induetion perfod 1s nesessary in order that the
ions wmay diffuse and the structures may form,

ixgsllent mieroscopic &iemg&m rings of raduced silver
nay bs produced with coneentrated recctants im the presence of
HMOPOUTY VAPOF. Mrmy vapor is essential to the fermetion of
redial lines, but sot to Lliesegeng rings, The formation a:f.“ 8
red and white preeipitate deep within the gel surface may bs an
indicstion of the @mw&m of reaction, Migeellaneous deposits
of silver orystels end rendom strustures ave fresuently obsore
ved,

The use &r‘ small petri dish cells deseribed in this thesls
may prove instrumental in observing the veaotion,

he structures formed sppesr Lo be stabls, snd do not
dosompoge »fter drying -nd exposure to the atmosphere, "he Forme



ation of rings in ordinary gelatin would indlecte a contamine
ant whiech would produce an insoluble silver salt,

20
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