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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota D.C |
Abogado
EMILIO FERRERO
ASUNTO Radicacién 07 117167
Tramite 11
Evento 379
Actuacioén 519 1
Oficio 'g“ 0 5—§—§~0~
Folios 7
Patente de Invencion v Patente de Moﬂ‘fil;?dgg [ -‘
—

Via Nacional [—_j
Via PCT (Fase Nacional) v Capitulo | | v CapitUIﬁ L_‘}

No. Solicitud Internacional PCT/EP2006/062008
Fecha de Presentacion Internacional 03/Mayo/2006

Como resultado del Examen de Fondo realizado, con fundamento en el Articulo
45 de la Decisién 486 de la Comision de la Comunidad Andina, se comunica;

1. Documentos estudiados

Descripcidn: Folios 35 a 49 06/Noviembre/2007
Reivindicaciones: Folios 50 a 51 06/Noviembre/2007
Dibujos: Folios 53 a 55 06/Noviembre/2007
Prioridad: DE 10 2005 021 056.2  6/Mayo/2005

2. Analisis de la Prioridad

Se acepta la reivindicacion de Prioridad porque esta solicitud fue presentada
dentro del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde
con el de la prioridad reivindicada.

3. Objeto de la invencion

Titulo de la solicitud: “Proceso para aislar metilglicinanitrilo-N,N-diacetonitrilos de
una mezcla cruda acuosa”

El problema planteado en la actual solicitud consiste en la necesidad de un
proceso que permita aistar el intermediario metilglicinanitrilo-N,N-diacetonitrilo
{(MGDN) del medio de reaccidn como una sustancia pura, con el fin de lograr
altos rendimientos de MGDA.
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Para efectuar la separacién de MGDN dentro de la solicitud en estudio se
propone un metodo de aislamiento efectuado en un cristalizador que comprende

a) Enfriamiento de la emulsion obtenida en la reaccion hasta una temperatura
menor a la temperatura de solidificacion de la emulsién a una tasa de
enfriamiento promedio <5K/h, hasta que sustancialmente todo el MGDN
emulsificado se ha solidificado

b) La suspensién acuosa obtenida en la etapa a) continua enfriandose y/o
concentrandose y la tasa de enfriamiento es = 5K/h

El objeto de |a presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): CO7C 253/034.

4, De la Solicitud de Patente
Reivindicaciones (Art 30 D 486, Art 22 PCT)

En general se observan problemas de redacciéon en todo el texto, tanto en la
descripcidbn como en las reivindicaciones, probablemente debidos a una
traduccién deficiente del texto original. Se sugiere que solicitante presentar a esta
Oficina una mejor traduccion de la solicitud.

El capitulo reivindicatorio no es claro ni conciso dado que segun la descripcién, la
invencién estd caracterizada por 2 etapas a) solidificacion de  MGDN
emulsificado y b) Cristalizacion del MGDN remanente en solucién. Se describen
3 posibles metodologias para la cristalizacién (etapa b) denominadas:

- Cristalizacion enfriante al vacio con reflujo total.

- Cristalizaciéon evaporativa isotérmica ( sin reflujo)

- Emplear sucesiva o simultaneamente las dos anteriores con reflujo
parcial. '

Caracterizadas por aplicaciéon de vacio y condiciones de reflujo. Dichas
caracteristicas y variaciones de la invencidon no estdn mencionadas o©
suficientemente divulgadas en las reivindicaciones. Se sugiere corregir esta
inconsistencia entre la descripcion y las reivindicaciones modificando la
descripcidn o las reivindicaciones para que concuerden.

Con el objetivo de esclarecer el aicance de las reivindicaciones se sugiere evitar
el uso de expresiones imprecisas y no limitativas dentro del capitulo
reivindicatorio, tales como:

1- "no excede”

2- ‘“hasta que sustancialmente”
3- "se enfria ademas”

4- “puede ser mayor que”

5- “por debajo de”

6- “porlo menos”

Reemplazar las mencionadas expresiones por rangos especificos det, T o tasa
de enfriamiento, segun corresponda, para los cuales el procedimiento es efectivo.

Particularmente se sugiere la revision de cientas reivindicaciones que carecen de
claridad y especificidad en sus caracteristicas
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La reivindicacion 1 que carece de claridad porque se realizan dos
caracterizaciones:

Un proceso para aislar (MGDN) de una emulsiéon acuosa “que comprende”
MGDN y que tiene un contenido de MGDN de 3 a 50% en peso en un
cristalizador, “que comprende” las etapas de:

Esta manera de redactar no es apropiada vy le resta claridad a la solicitud. Se
recomienda al solicitante realizar las correcciones respectivas, definiendo el
metodo o proceso de reclamado Unicamente por las caracteristicas que definen
los procesos, (etapas, intermediarios involucrados, condiciones etc...) eliminando
las caracteristicas del MGDN del alcance de |a reivindicacion.

Las reivindicaciones 2 y 3 no son claras porque emplean el término “mezcla
acuosa” el cual no habia sido previamente descrito en la reivindicacion
independiente.  Se sugiere emplear los mismos términos usados en la
reivindicacion uno respecto a la mezcla que se desea separar. Ademas cada una
de estas reivindicaciones hace referencia a una etapa del proceso descrito en la
reivindicaciéon 1 pero estas no se

define mediante las condiciones especificas en que deben realizarse. No se
establecen apropiadamente las condiciones en las que la etapa de “evaporacion
y/o remocion de calor” o la de “enfriar o concentrar” son realizadas, tales como
presion, tiempos, temperaturas y condiciones de reflujo.

La reivindicacion 4 no es clara porque hace referencia a una variacion de la etapa
b) descrita de manera incompleta en la reivindicacién 1 y no establece
apropiadamente los limites de aplicacién de dicha variacion. Se sugiere describir
mas detalladamente las condiciones de remocion del calor por via de la pared del
cristalizador, restringiendo las condiciones a un rango razonable que se
encuentre soportado en la descripcidn y corregir la expresién “pared del
cristalizacién”,

La reivindicacion 7 no es clara porque en ella se emplea la expresién “La mezcla
cruda” el cual no habia sido previamente descrito en la reivindicacion
independiente (1). También le resta claridad el uso del nombre “metilgiicinoitrilo”
que difiere de utilizado en la descripcion “alaninanitrilo” favor empiear la misma
terminologia a lo largo de toda la solicitud. Ademas el contenido de esta
reivindicacién no se encuentra soportado en la descripcion, porque no se
proporciona prueba del efecto técnico del proceso de purificacion sobre una
mezcla producida como se divulga en la reivindicacion 7.

Descripcion (Art 28 D 486)
La Descripcidn no es clara porque presenta falencias recurrentes en la redaccion
o traduccion.  Se requiere al solicitante Presentar a esta Oficina una mejor

traduccion de la solicitud.

Particularmente, Folio 35 lineas 20 y 26, Folio 39 linea 16 y parrafo 4, Folio 40
parrafo 1, folio 44 parrafo 2.

1. El simbolo PH no es el aceptado en el campo técnico de quimica al cual
pertenece la invencion.
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Por ultimo la descripcién no divulga la invencion de manera suficientemente
completa para que la persona normalmente versada en la materia pueda
ejecutarla particularmente respecto a las condiciones de presidn y rangos de
temperatura en las que es aplicable |la etapa a. Se sugiere completar dicha
informacion con base a las condiciones que han sido probadas y en las que se
obtiene el efecto técnico sustentado, sin ampliar la materia original de la presente
solicitud.

5. Determinacion del Estado de la Técnica

Fecha de Presentacién de la Solicitud de Prioridad: Mayo 6 del 2005 y se
encontraron los siguientes documentos que anticipan el objeto de esta solicitud:

Item Documento Titulo Fecha de Publicacion*
Use of glycine-N,N-diacetic acid
derivatives as biodegradable
complexing agents for alkaline -
D1 US 5786313 il ?Ons and hoavy 22/Diciembre/1994
metal ions and process for the
preparation thereof
Preparation of glyicine N N- -
D2 US 5849950 frisanding gg’rivatwes 16/Diciembre/1998
Journal of Crystal Emulsion solidification of meta-
03 Growth chloronitrobenzene: purification 1/Septiembre/ 1996
Val. 166, Pags 971-975 and ¢rystallisation
Furnis, B S et
D4 al.,Longman Scientific Vogel's textbook of practical 1956
and technical. Tercera organic chemistry”.
edicién. Pag 131-153.

D1http //worldwide espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=t
ruedlocate=en gb&FT=D&date=199807284CC=US&NR=5786313A&KC=A divulga (pagina 7,
gjemplo1 ) fa preparacion de MGDA (también llamado alanina-N,N-diacético) a partir de
alaninonitrilo y menciona la cristalizacion del derivade MGDN por enfriamiento a 10°C de la
mezcla de reaccion.

D2http.//worldwide espacenet.com/publicationDetails/biblio?DB=EPQODOC&II=0&ND=3&adjacent=t
rue&locale=en gb8FT=D&date=19981215&CC=US&NR=5849950A&KC=A divulga (pagina 5,
ejemplo 3) la preparacion de MGDA a partir de iminodiacetonitrilo y menciona la cristalizacién del
intermediario de MGDN.

D3 hitp//www.sciencedirect.com/science/article/piil0022024896000656 divulga un procedimeinto
apra separa m-cloronitrobenceno de una emulsion por enfriamiento a tasa fija (pag 1, columnaz2,
reglones 22-23).

D4 http://es scribd. com/doc/29100308/Vogel-s-Practical-Organic-Chemistry-3rd-Ed divuiga (pagina
123-130) los métodos usuales de purificacion de sélidos particularmente por recristalizacion que

son de conocimiento del técnico medio en el campo de la gquimica. En donde se describe la
cristalizacion por enfriamiento (pag123), la importancia de la velocidad de enfriamiento (pag 129) y
ia existencia de una regién de temperatura dptima para formar cristales (pag 130).

6. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)
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La reivindicacion 1 consiste en un proceso para Metilglicinanitrilo-N,N-
diacetonitrilo (MGDN) de una emulsion acuosa ( ver folio 50).

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Soligitud D1 D2 D3 D4
Un proceso para Proceso para Proceso para Proceso para Generalidades de
aislar {(MGDN) que producir MGDA producir MGDA cristalizar purificacion de
comprende las que incluye el que incluye el m- solidos
etapas : paso de cristalizar | paso de cristalizar | ¢loronitrobenceno

MGDN MGBN

a) partiendo de una Permitir que la solucidn
temperatura por caliente se enfrie
encima del punto de causando asi que la
solidificacion, la sustancia disuelta se

. cristalice
emqlsuén acuosa se (pag 123, renglén11)
enfria a una
temperatura por Se debe tener en
debajo de! punto de cuenta que la velocidad
solidificacién, la taza la formacidn de cristales
de enfriado es inversamente
promediada durante proporcional  a  Ia
el iempo no excede | Enfriar la mezcla | Dejar enfriar Enfriar con tasas | [Smeeratura; enfriar a
50 K/h, hasta que hasta 10°C no se | durante 4h de enfriamiento muy bajas

> i " temperaturas puede
sustancialmente la menciona la tasa fijas obslaculizar Ia
cantidad tota! de de enfriamiento cristalizacion.
MGDN emulsionado (pag 129, renglones46-
se haya solidificado. 48).
h) La suspensidn Se puece dar
acuosa resultante se sportunidad odra

enfria ademas y/o se

formar cristales si se
concentra y la tasa

pasa a iravés de una

de enfriamiento region de temperatura

puede ser mayor gue optima para la

en la etapa a) formaci6n de cristales
(p&g 130, renglones 2-
4)

Los documentos D1 y D2, Los documentos D1 y D2 corresponden a los
documentos del estado de la técnica cercano a la invencién definida en la
reivindicacion 1 porque divulgan un procedimiento para producir MGDA a partir de
alaninonitrilo (D1, pag 7, ejemplo 1) o iminodiacetonitrilo (D2, pag 5, ejemplo 3)
que involucra el aislamiento de! intermediario MGDN para usarlo en la etapa
siguiente como una sustancia pura y muestran rendimientos respectivos de
MGDN de 82% (D1} y 92%(D2).

La diferencia entre la invencion, definida en la reivindicacién 1, y los procesos
divulgados en D1 y D2 consiste en que el proceso descrito en la invencion
propone una separacion por enfriamiento en dos etapas con diferente tasa de
enfriamiento.

El Efecto Técnico que logra incluir este enfriamiento en dos etapas es que se
previene la formacion de cristales pequerios (finos) de MGDN que posteriormente
se aglomeran formando inclusiones de liquido e impurezas en su interior, dicho de
otra manera favorece la formacion cristales de mayor tamafio y mas puros, como
se demuestra con los numeros de color Hazen obtenidos (Ver folios 14 y 15)

De acuerdo con la lectura detallada de la descripcion no se proporcionan soportes
del efecto del proceso de asilamiento reivindicado en el rendimiento de MGDN ni
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de MGDA (producto final) que permitan establecer si el mencionado proceso
provee una mejora tecnica respecto al estado de la técnica. D1 (82% MGDN) y D2
(92%MGDN.)

El Problema Técnico Objetivo de esta solicitud, consiste en: como modificar el
proceso divulgado en D1y D2 para aislar el intermediario metilglicinanitrilo-N,N-
diacetonitrilo (MGDN) del medio de reaccién como una sustancia pura, con el fin
de lograr altos rendimientos de MGDA

Sin embargo, las técnicas de purificacidn de sélidos como la cristalizacién son
comunmente empleadas para aislar o purificar sélidos en el campo de la quimica
y los principios de dicha técnica han sido divulgados en muchos los textos de
quimica basica por ejemplo D4 que muestra las generalidades de la técnica de
cristalizacion /recristalizacion de solidos aprovechando la dependencia de la
solubilidad de algunos compuestos con fa temperatura (pag 123); vy divulga la
Impartancia del control de las velocidad de enfriamiento (pag 129, ultimo parrafo)
y la existencia de una region de temperatura optima para la formacion de cristales
(pag 130).

El documento D3 por su parte, muestra una aplicacién de las técnicas de
cristalizacion para la separacién de isdmeros p- y m- cloronitrobenceno que se
encuentran en una emulsion, por medio del enfriamiento de la mezcla a tasas fijas
(pag 1, columna 2, reglones 22-23).

Teniendo en cuenta el estado de la técnica, la persona del oficio medianamente
versada en la materia podria inferir sin mucho esfuerzo de su parte, que para
aislar de manera mas efectiva el intermediario MGDN podria modificar el proceso
de enfriamiento propuesto en D1 o D2, de acuerdo a las ensefianzas de D3 o D4,
gue sugieren el especial control que debe hacerse sobre la velocidad de
enfriamiento (D3 pag 1, columna 2, reglones 22-23) y la importancia de permitir
que la mezcla alcance y permanezca en una region de temperatura optima para
su cristalizacion (D4 pag 130, renglones 2-3) llegando asi al objeto de |a presente
invencién. Por lo anterior se considera que la invencion es obvia a la luz de D1
con D3, D1 con D4, D2 con D3 6 D2 con D4. '

Conclusién:

En consecuencia la reivindicacion 1 y sus dependientes 2 a 7 no cumplen con el
requisito de nivel inventivo.

7. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Reivindicaciones . s
Item Documento afectadas Requisito que afecta
D1 US 5786313 -7 Mivel inventivo
D2 US 5848950 -7 Nivel Inventivo
Journal of Crystal Growth ' . .
D3 Vol. 166, Pags 971-975 1-7 Nivel Inventivo
Furnis. B S et al,,Longman
Scientific and technical. . :
D4 Tercera edicion, Pags 131- 1-7 Nivel Inventivo
153.
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En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta (60) dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesion, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e},
del capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

1 ABR. 202

Eiaborado por: Laura Carolina Pardo. f)lé-(‘?‘"
Revisado por: Jacqueline Alfonso Rozo.

Expediente 07 117167 1er Art 45



“3,2T #uamsirus gy 3 d o of s © way JuimanR gyD-

L L ]

wdwap uotsiRwa gy papaasad UBHESHEM=AE Sy
[9] geD-d Jo 20ussaud 2 w
SUONAJOS J0 S JOLY UMOIT §EISAID Jor [edS) 5918
-0joydsow Jepod Furaey pur oz1s doap oyp uean sadeg
pnuAE JO I2PI0 Uk S W CS|ISID 0j TR sARmT
Srom saqE sHENSAp | By ve o) Buisedons £ioa
paacud asey s[EISAID oY) Jo uaoy [easAyd sy ju suon
-eaisgD L] stesdn gno-w w ABujoplbiow wwod
punojord B ssonpur jusuwodiaun Fut c&1d ap m
aawasad 1R PUR [Of JOHQUIUE UOHEST|RINAID |0}

© (nuds 1pul Y ng o Jmiaaz Ry &Y PANNERL @i wRRanby
“wadesua)
w7 2Egqd IUedio Gyl T W [~y FHOIRID KUp Doasjauszg

86 134
Lt v Y siist

ik L%

wEh [

TE6 (s

% . B

66 87
N Lo6 o 1Ld 124

AN g)

(Rl (5 124T) 1y diw)
wnnpduwed 10, wnsodnen
A (SR IETLITTE T hhip
ey anneradiusy snpinby-y LT T

Aund e jeey oo aneaduz wopsness g 133 g
£ Han)

kg © 5 2du0s1 nred $)OIRYE UmOoys aapy gNDAW
JU uonEsHers A0 GOIEION PUR oW 341 Uo KDIPRIS §Ro
sy “Hodemunos Jusass) 2anssarfoad $ir 20 A
-asoudhun 3QraspIsuNy 131J0 uoNEs)||IsAD uoIsIw
das ojdms T cAnd o SWIA) U] COIBRNS O3 R
vo (Funpaw eoaed ou i) 3dns yiue ol pasy
-0 usnu waeamnbs o1 pareduos sangendiusy
SNOLEA 1B PaNT RS seomsndwins uusinad omg
oy unka g6 By AiLnd pnpord 241 Smoys [ Qe

sinsy ¢

ALY RS pire enaty y2im dued
3o smouEp Rdop Fuus))Ip gits SLBISINUR (N
<IN (JLIEA W DR PR paIRsEALL uddq ON|R
2aky spimA pur sanund §jE2AA0 pUR SOFEL UOHUSLITE
-5Aa) ‘uonesyund earan or Fuippolh o8|
Mpams pue g4 and jo amxiu e adxo pnos
A aBM G| MW OESPAOE GNDW ) pasifEl
S5AIY OS[R AT HNDW 4514 uosoduos (o uars
e 0y CAdudsoudis [eondo pue (HNDW %00
OF 5D PALISUANY 30) fo ot pue Judwes 4Q pasn
Mot SEM W0y EISGD pun piaid Aund jo s
ur wonsIeIsAn go ssorfosd wanbasgny gy "pIpPPR
ssdsn gt and jo pus/Sw | pue aneadws)
QNS BISAIY PIsap 21 01 PRjond STM LOISINS
ayr owm ul pasn yem anbiiyam Furpass oydwis
rSIRAdIDT PRXY 1B KUOnE

SLA=14h L) USE QTR 3000 Joi o £ 53 69 00) 0 its

9-SY00DERHIETTU-TIUDY Hd

PRUF ST NI CAH SN S Seal S mBNANY) L8190 BETIF TN

)gosd S1G1 AW00AG Wy P U] E-0E Afea
141y Bujoosiapun e sruBis POMOYS YUOISIIUD 5Y)
*sau1s dodp [[ews 2oyl e 'paadXD sy SR paxy (o
Bui[onn Ay PIsi{RA usyr Jam ey | [adursano
o [ Fy-seadiod ¥ Jusn pamseanyy w1 -¢
adur) oy ur sagis dosp it pasedaid acam seolsnnn
ADIRA-L- 10 dfgers pue wesBep megd ap oe By
Ou DARY OF puno| Ses XDELYUDL qulm 20 JO uon
SEIUANIOI [[RIAAO UC VY (OIUBN-UOYHY Aq paid
-y xaBRSUSE, WTIEUNE SIEIOMAAN T pareig s
ap Fuisn sem ul gpy o uIIRY WM B e stuled
Fuiw JI5YT SA0yR PAHISINLD UdMy ARy ST ISL
PUR 13 206 §O sarmxiue d/w ooy poundns spumr
SLEXD YT 4] CIDUTABESG ANKNND Hdens SHQRENS
wasAs ayy (gN-dy swest eisd s oyns sasmxm
WAL 0MY 101 (HND-W) SUREUDQIIRGIHALS
-w OSTIISALD OF uDSOYD BAUY I ApMS Su Jod

aunpadosd pruawuadxy g

[x] saunnag
UONTIANG ERIGJIP o 3 2215 doip 1 s

Soyinit Butpsibauny |

M) IRY PUNGY U SEY 1 A[FRIUDIY IIPUIIL DY) UL
330 Lk UCEIINY snosuaBuuey pur sduap uinas
Ul PABLOS)E 3 03 1JINUCIANY SMULIE SIWNJOA | [BLUS
Jaiomp ol e £ oo soseadsig] swgraed  pue
s[maw ue [f] [nguing, Jo faam Fuussuoid s aours
wMmoUy 3w $1 uomedsu sneauadowny Hufpmy
a0y onbrUYoRY B SB SwaIsAs palyIs|owed j dsn R,

w2 jendea mof Suuego dsuay popadu s
wggd [Ranuagd eoads ou nontppe U] "uones s A
NURA|OS [RUCIIIPED O) pareduwiad a5l IUIAJUS MO] puR
uorEgnsp ¢ panxuos spuawannbs Ldipgue mo)
YA 110 03 Gany sey 532010 wwsjnwa oy apdiy
-uud g Te-1] FqRIdasae A[[CIUDUILONALD PUR iD
-ye Adsus yiog ae ey saBojouy3d) uongapund
qrE3)) o) paou FUISEIOUT AN AQ UAALP 51 S3E|
O, "£35523303d uonea g Mau J0O XU M) 1L poe
uonrdad spoped jo SUT3LL ¥ 3T CNABLI AU
RUXEW Y1 UL Ui I5T ERumod SHSSITE 01 INue
11 PAREMEIADI UG SBTY UOTILSI|{RISALD LoIs|nuE]

uopIapuak] |

“sdnxasoul uoneaund mau 31 ENO A0 Ul puw uoneredaid apml o suew
© AR INIIG0D AL TRLTITOE () K RN XD FrHUIRM) 1) S o JOPs 1 paeRnsoant uaoq sey wonesymsn umspug

ReSE Y

NIV ASE JOH WAYSP0R DN PRSI oy Spe | wnnmndigy Rt nfmopg sirojwsy;) g YOINAE
NEETUD! ¥ SR Ny AR (3 ST AR aRN T [BaY ) fuiasda)

o YOSLUOW “MT " UEMHOW (1., UONIH TNV °, 9PISIRD T, Kaarg] [y

UOTIBSI|[RISAID pue
uotjeslyind (2UZUIGONIUOIO|YD-RIAW JO UCHEIYIPIOS UOIS| NIy

HL1MONOD
ST LEAMD

SLO-EL6 (9601 Y] YrenisD R o jRwinop HALADSTI




3y1 wsodap pun S| pouaop KpEaNT Y1 api
sdhup pask sAIUG St ey PASATING s
AN M) S0 1t Lgissod)y Moy botel ayEam
weRepns 2 e gy st osonoary wEiaw oo
JQE 3PS UIYM BOURKIIEISAIY A WEIURYDBW
"SBONIR) 31 2ueFio Qi R paaantgo
anad mpses ¢ caandwl sue pue Jonhy den
a®e gargm spesAn go sdoud ppnd o1 pia sdoag
STy (7 HYEL) FSHIEISAD 07 TN AL Yoym
sdosp JMWs Jo GIRRIIGQEIS DY) 01 NP pAANYOE
SPAL tamnp 3 S0 sRad] wedruns oing Swsn
o aleweapesip oy cKund gesac S Judamo)
Ayasay) sdoap pa s{soun des1 pue seonpns g
o Anxqoydoaply Y1 &1 anp JEN20Y My pasiad
=51 U m S[ESA0 At CSesdIn o uonara) ssew
RO YD b S2REBT h K oD A ma|3g uomuado
U3 AT WP CUBDELNS I[N) L) ST DML UM
ELUN SALY .w:.:_..m.”: A1 Jo uesimisip wanhasgos
Ul Os[E INg Uospie s wsyges ur Ajuo ou
spos Aoy v sded wmospns oy oYy s0FEns [y im
0 PUMMT 4 o) yom S Wl paunspaw) xodos
A3g, JO UCHIRHNBAIN0D J&IIUC [IOUD ) PAOYE UL
“eagund v aseamn wdis oy opwenn 1o, s
-SA00 oyl ju uoneSufBe [0 oMy oy ypm pADONST
i @ Hund eisdn (puy wosso) g £jagy
SOUI SHENY 11 (94| JUEKNILNE S3IM0) JUY SULLORL}
woam nurdo g3y saspwenp dop oaede gy
LBOIRULLAISIE PR JOINOD ALY J | ns3E
U UDRGE] B UED DHON6D DG WIEAS HOISphs
STY1 UL IBE UONIPUd ISR 3 N1A UANU0D
aw saseyd puos puv pinhap o) sop mep Sy Cwud
-pp el g Jo opis gnD-d o ewwr 2namna
ydneun aseyd pinby g Furye aemeaxduia) oy
03 P Muag gNOd YIIM PAYSLIUD IaYpT Ao
sdusp ap pur asagd wnd 2 omeud 01 anuguos
106 PIROES S[EISAID gD Aygas uosedd uaeddr ou
skasag ‘sdosp 2 wigtm asi e jow saop gNoD-d
wg) furpiacad touop CRSED Myl g M KU UBds Yy
uiy 513 73 woug wedeip aseqd s oul) snpm
-bij paunseawr a1 Ay uaArs aq pipuys suonpsiadured
deup ewy oy ameradwa usa@® Aue 1y g
Ul 0D RO U s [ sdwsp s siesde
Fuimiul 01 pROAYSURI 5] gND-W M SE DU PONOJ
ol By Rty san e sasuanbaseod )
3Ea Ul Aipgrios
21008 ¥Ry 0518 gNI-d B4 1Py 08 ) Wy gt
-aid synsas A3vjoydiowr myod g go uzmwdopaap
o), yaw andun gium 12Rued IHONU LR SRS

BuimoiR ayp e suraw pue sjmsla ofduls afrg o
Yy d ap smajju sy asegd snoanbu o era sjesian
gy o) yedosp AU S WNGY PAUINULL; W] NRY)
M gND-w R ihm 30ux pue uonemesexing

1 s gl unys dsugd pindey
ap w3y 3g m gND W o enumod peonweys
ay) aunpupdws; soRESIMSAID Juesuos 1y avtgd
sneanhe g ol IR0 a0t XeFmua), Ly pruasdsp
Turag N Fumpasas sy g pue sdoap pae spans
U321 Noedw Wy SYNsa gNI-W O UoNE3Eny
_c.-_— QUNSST QF JRJRUOSERS WAL [HAOM || .D.JﬂaT_—d/
PRU0D & UG PAUIRIGO SO OF Wafealnha ag ppwea
soiund pup 221 doup UOISIAWIZ Y1 Ul FEPUALE S271S
yw saadgds g0 yandudie asudwos pinoa wnpord
M) SED YL AN UAL I00EAEOD doap Jo ypss
o w00 Yra§T oamued saop dou sduip 2ap digiim
fuewisd J0500 10U S0P UOLESI[TISAL WAn “$Hon
-e1axhio o) Arenuog saexpur ‘sdeup syt ery) Inead
SprUARIL JO 13010 4R KES] 1B OF Mosd STSATS e
10 Ayt gitm sy uaye ep voneajund ap),

uoBsIIK) ¢

PIMA [RISAD 303 dnuy Suang AS0aBT A T Ny
-1 ]) uonNEguasuon weRrpns Juiseaous yia Apund
ub aseaud a0 e ag o saeadde o apym
o) e mendro Auistamw pur an1s dosp
Suiseaow s Lpylns a5e2200p 0 punwy gy yoy
Land RAID |[TI2ag) PRONPA UL SUOLORIY WM
JUBEMEANS uAg U TULM osIR SIgE AR unlis
-)yrasAaD DEEAINUY 01 PUNO UMY Sey AouseL widosp
sagpur pono] 1Zom seeim u wgoaauL uy
SUND-W gg'gg Jo vonsdwsa aseyd probil ey
B ot N g,47e9 o Siund jmsdao jeuy e paggark
SRS 03 ARNUOD Y0 R OISIUD gND-w
%09 A Jo uonEsEEnAy CApanoadios gD w
Y6 MR 86 Jo sanund oaty ((umesdwm anzmna
Yy MO} 7T PUn Pl pauunpad fuswbadie
Ul pagaandar asugd pooY S (| FYRL) pnsean
us|e Mam sanuad qeisdi ey oy, tgo-d unasyou
:Cm__v._.vn_n::u T SRy Huﬂ- -.__ .__ CQE-VC&EE u:UU_:u
a asey o paxadso oq R asmgl pinbay sy
M IDATMOY I, ZC PUR BT IV PALRRS uadg
pey wniuppinbo asneoag Ajqissod unudrip sseyd xp
wioy poradxa usyr YR IEYUMAT0S e Suoh)isod

SE6 L0 (S601) D2 WIMior} (015U Ju pritatinf £ 17 13 dbabe) 1N rite

oy 33421 A Turn wea2zip oveyd gy won) palynOms wtodwod i i

i3 [yor 1 sdn paseq 51 7Y
P AR [ SNSRI RI B D [5Rg s Y
H LLET W PR subhpnas G (] i

UAUBNINS N

SUH LU01 1168 twsn e T W=
gy SBEL ISRy 600 @' T
rrHY LR wrEy fite0 [T 14
ROLY 06 e lh o v
EEsT vE'Le 1Y oy (0] ot =g
6599 E1G 5y LT wo 4 oy
PRV 89y S8R0 [ B [4 vi-g
[Ia) W08 L1 §PR6 (4] < L
(ANDW 4
THND ) wrt )
PR L PRI Ay ki) a2t daigy

~wod aseyd panba| (eany Ay DRT YU OF W DL LT
PUE GND-U 359G R o ST FuLnp L Sua
—ARSERU Woay paaiap 2nesadut poe volirvodwos
o03na 2] T ALy u) umoys e DT PUR $T%E

mhlby UDIIOALD Ut (A " Apiied [E1vA 1D jRUL) G0 5004107} .ﬁ_u.slﬂ.ﬂuwr.....:_v P mRH 718 D J IRE)2 REL

T sl

“OF o sunraxdiagy e pasy IS4 g1 gg Jo suomisod
A0 d 2w emun 3uiary saorsinura jo suotpsodaos
aseyd prbe (Ui G 1O SOU BOIESIRISAIY [R101)
WM p0 BONOUD] B oSE puASEaW sCno uoansoduog

PITTERFEAY ) R po aodpuimdap e g Ry
s pauny
oeny L1113 .
L L
w e . i . TN
o &= "
v W ]
nnnnnnn T IO MU = S TS T e s s m s e o)
.
i O Q Lwr
k.
B
a
s ‘
w O n 0 &
] a
D amperdaiy, |ax
2
v
o0,
[u] )
a 85
L Dol
ith SLOT 120 (9] § YOI Hiwrasy JOISLLD JO [Panof /7f8 02 A 10g) Y



SITE (F661) B WA Wiyg [ wponsiey
Wopds budep rg ‘Aaaeg Y CIpsren T U oo e}
"LOT ASHHTY Fir] YUy RIAID T YOUIN T PUR LISI0NN g
W O Pt Cfaac) Y Red A v arg [9)
RYY
(E961) #1 "W5 PIRllo]) [ WAL U UeA "Wy PUE Bpns “p |§)
PO OS61) 1T 444 1AV 7 433D H'Y P mawing, (1 el
LEN-EEL A jrhG) Twep
-Japsury L)y Buof 2 rY pue ST S SR R IOA
RS EIALY [UNDAE 13003 "3 PUR 21kl (Y S3sed O el
ETE-00E O (£661 "Uop
GIF) CHOTUSAIAH (UOAIAUR) BHSSTERY Ui AT (2]
18861
HOA MIN Al) SOPURSS "y PUE REGRIIY Y i Y
10p "Amuragy o sanbiagany MO PV PUT oS 1O 1]

SIMIIY

"dUNod
10 spoad) Buisenaul A put s |[Ews Jp Ag pan
-yt st sdorp amdit Jo UOTSIITEAIT 3 YOTga
SI3D140 ABAUNY OF NP WHNBLHKNLI M0NND Mweukp
-OULIBY) YL MO PRATNTE MG uED vanesyund uon
-1ppe 1 "28e1s 3jFws r up uoneapund 03E0X S0
0 ‘Apnbun weadde ssaocud woisinw ay sonbiu

-3 Furraay aarssarSud jruonipen o parediuo))
-aseyd (snosnbe) snonunuo> a1 o sy
-5y pnpoad Bursidsip pur wois]aws 21 Fuisipguls
I JO qOI NP € SAR|d wWRIdRMNS Y SWRpsAS
s vl s doap wd g (jears pun suonoey
Wi meyd mueflie mo) e pauteiqe am spwIsiao
1rpoud o wiro) [easdyd pue Hund wiw ke sswos
pred st gua saanisn wony Fursigessfy amzuagqoni
SO0 JO NED AU 104 ssedand uonedund ¢ jo
SINEQ M1 ULUY UED DUDLuSumua|yz-s 2anduwit pagg
-ESTINLTD JU UOESI|[RISALY ] 1B LMOGS SARY Ip

UOLSIPU) g

apgissodin LpE2(2 sy uoneny supoul
£Bojoyiow pus dzks [@SK JeUly O [UNUGT) AR
passnosip s¢ swojqord Ajund paigidossk puv uon
~ega1idy awppusdindpd op prap ues siy) s uoy
-CSIfEISK10 up 9seHAUL paasngo Mp o Fuiped| dqe
~qoud oW LHUISnS JWedRy SINISHI0I ISIY] Suslh
-aky iR owndio yay 1y ssansd Ymosd oo
-uogun ug vy sa3ojoydsow readam ppoid o1 siwIey

L6 SL6 106 19660} Y91 Wi JDLSL) O J0einOf £ 710 22 A2 1Y



122 : PRACTICAL ORGANIC CHEMISTRY (11,

The low pressure required for molecular distillation is usually produced
by coupling & ** hacking "’ pump (e.g., & Cenco Hyvac or Edwards Speedivac
pump] with either a multi-stage mercury diffusion pump in quartz or
metal (these two are combined in certain pumps, e.g., Cenco Hypervac 4)
or an oil-vapour diffusion pump * (the oils used include amyl and butyl
sebacate, amyl phthalate, di-2-ethylhexyl sebacate and phthalate, Apiezon
B, Dow-Corning Silicone Nos, 702 and 703). The advantages of the latter
are :—{i) the highly purified oils have vapour pressures of about one

1

e Ll 1

Fig. 11, 26, 4.

hundredth of that of mercury and consequently produce lower pressures
without the use of traps, and (ii) no contamination from mercury is
possible. A McCleod gauge is generally utilised for measuring the low
pressure. -

‘The purification of solids by low pressure sublimation is described in
Section 11,45,

H,27. PURIFICATION OF SOLID ORGANIC COMPOUNDS
BY CRYSTALLISATION

GENERAL CONSIDERATIONS

Solid organic compounds when isolated from organic reactions are
soldom pure ; they are usually contaminated with small amounts of other
compounds {‘‘ impurities ”’) which are produced along with the desired
product. The purification of impure crystalline compounds is usually
effected by erystallisation from a suitable solvent or mixture of solventa.
Attention must, however, be drawn to the fact that direct erystallisation
of a crude reaction product is not always advisable as certain impurities
may retard the rate of crystallisation and, in some cases, may even prevent,
the formation of crystals entirely ; furthermore, considerable loss of

* Suppliad, for exaruple. by the Scieatific Glass Apparatus Co,

It



27) EXPERIMENTAL TECHNIQUE 123

material inay occur. It is therefore, desirable, if possible, to adopt other
methods of preliminary purification {e.¢., steam distillation {Section 11,40);
distillation under diminished pressure (Section 11,19} ; fractional distilla-
tion {Section II,15); extraction in a Soxhlet or equivalent apparatus
(Section 11,44) } before crystallisation.

The purification of solids by crystailisation is based upon differences
in their solubility in a given solvent or mixture of solvents. In its
simplest form, the crystallisation process consists of : (i) dissolving the
impure substance in some suitable solvent at or near the boiling point,
(ii) filtering the hot solution from particles of insoluble material and dust,
(iii) allowing the hot solution to cool thus cansing the dissolved substance
to crystallise out, and (iv) separating the crystals from the supernatant
solution (or mother liquor). The resulting solid, after drying, is tested
for purity (usually by a melting point determination, Section II,10) and
if found impure, it is again recrystallised from fresh solvent. The process
is repeated until the pure compound is obtained ; this generally means
until the melting point is unchanged.

The theory underlying the removal of impurities by crystallisation
may be understood from the following considerations. It is assumed that
the impurities are present in comparatively small proportion—usually
less than 5 per cent. of the whole. Let the pure substance be denoted by
A and the impurities by B, and let the proportion of the latter be assumed
to be 5 per cent. In most instances the solubilities of 4 {S,) and of
B (S;) are different in a particular aolvent: the influence of each compound
upon the solubility of the other will be neglected. Two cases will arise
for any particular solvent : (i) the impurity is more soluble than the
compound which is being purified (8, > §8,) and (ii) the impurity is less
soluble than the compound (8, < &,). It is evident that in case (i)
several recrystallisations will give a pure sample of 4, and B will remain in
the mother liquors. Case (ii) can be more clearly illustrated by a specific
example. Let us assume that the solubility of 4 and B in a given solvent
at the temperature of the laboratory (16°) are 10 g. and 3 g. per 100 ml.
of solvent respectively. If 50 g. of the crude material (containing 47:5 g.
of 4 and 2-5 g. of B) are dissolved in 100 ml. of the hot solvent and
the solution allowed to cool to 15° the mother liguor will contain 10 g.
of 4 and 2'5 g. {t.c., the whole) of B; 37-5 g. of pure crystals of 4
will be obtained.

The most desirable characteristics of a solvent for recrystallisation are :
(a) a high solvent power for the substance to be purified at elevated
temperatures and a comparatively low solvent power at the laboratory
temperature or below ; (b) it should dissolve the impurities readily or to
only & very small extent ; (¢} it should yield well-formed crystals of the
purified compound ; and (d) it must be capable of easy removal from the
orystals of the purified compound, i.e., possess a relatively low boiling
point. It is assumed, of course, that the solvent does not react chemically
with the substance to be purified. If two or more solvents appear to be
equally suitable for the recrystallisation, the final selection will depend
upon such factors as ease of manipulation, inflammability and cost.

The common solvents available for recrystallisation are collected in
the Table 1], 27.

a3



124 PRACTICAL ORGANIC CHEMISTRY (11,
TasLE 11, 27. CommoN SOLVENTS FOR RECRYSTALLISATION
SoLyvewT B.P. REMARES 1;
f
Water (distilled) . . . 100° | To be used whenever suitable.
Diethyl ether . . . 35° | Inflammable; avoid wherever !
possible.
Acctone . .o . 56° | Inflammable; should prefer.
ably be dried before use. i
Chloroform . . . . 61° | Non-inflammable; vapour toxic., '
Methyl aleohol . . . 64-5° | Inflammable; poisonous. i
Carbon tetrachloride . . 17° | Non-inflammable ; vapour toxic |
Ethyl acetate . . . 78° | Inflammable,
i Methylated (industrial) spirit 77-82° | Inflammable. I
- Rectified sEirit (95 9, C...&,OH) 78° 1 Inflammable. i
Ethyl alcohol {absolute) : 78° | Inflammable. j
Benzene . . . . 80° | Inflammable. ;
Light petroleum (petroleum :
ether) . . . .| 40-60° : Inflammable.* , ‘
Acetic acid (glacial) . . 118° l Not very inflammable; puun-

i

. gent vapours. :
! !

The use of ether as a solvent for recrystallisation should be avoided
wherever possible, partly owing to its great inflammability and partly
owing to its tendency to creep up the walls of the containing vesael, thus
depositing solid matter by complete evaporation instead of preferential
crystallisation. Carbon disulphide, b.p. 46° should never be used if an
alternative solvent can be found ; it has a dangerously low flash point
and forms very explosive mixtures with air.

Less commonly used solvents include methyl ethyl ketone, b.p. 80°;

Fig.

ethylene chloride, b.p. 84°; dioxan (diethylene dioxide), b.p. 101°
(vapours are toxic}; toluene, b.p. 110°; pyridine, b.p. 115-5°;
chlorobenzene, b.p. 132°; cellosolve (ethylene glycol monoethyl
ether), b.p. 134-5°; di-r-buty! ether, b.p. 141°; s-tetrachloro-
ethane, b.p. 147°; nitrobenzene, b.p. 209-5°; and ethy! benzoate,
b.p. 213°.

The choice of solvent cannot usually be made on the basis of
theoretical considerations alone (see below), but must be experi-
mentally determined, if no information is already available.
About 0-1 g. of the powdered substance is placed in a small test-
tube (756 x 11 or 110 X 12 mm.) and the solvent is added a
drop at a time (best with a calibrated dropper, Fig. I1, 27, 1) with
continuous shaking of the test-tube. After about 1 ml. of the
solvent has been added, the mixture is heated to boiling, due pre-
cautions being taken if the solvent is inflammable. If the sample
dissolves easily in 1 ml. of cold solvent or upon gentle warming,
the solvent is unsuitable. If all the solid does not dissolve, more

11,27, 1. solvent is added in 0-5 ml. portions, and again heated to boiling

after each addition. If 3 ml. of solvent is added and the substance

* Other fractions available are b.p. 60-80%, 80-100°, and 100-120°: when the boiling
point exceads 120°, it is usually called * ligroin.”

14
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does not dissolve on heuting, the substance is regarded as sparingly soluble
in that solvent, and another solvent should be sought. If the compound
dissolves (or almost completely dissolves *) in the hot solvent, the tube
is cooled to determine whether crystallisation occurs. If erystallisation
does not take place rapidly, this may be due to the absence of suitable
nuclei for crystal growth. “The tube should be seratched below the surface
of the solution with a glass rod ; the fine scratches on the walls (and the
minute fragments of glass produced) may serve as excellent nuclei for
crystal growth. If crystals do not separate, even after scratching for
several minutes and cooling in an ice-salt mixture, the solvent is rejected.
If crystals separate, the amount of these should be noted. The process
may be repeated with other possible solvents, using a fresh test-tube for
each experiment, until the best solvent is found ; the approximate pro-
portions of the solute and solvent giving the most satisfactory results
sliould be recorded.

If the substance is found to be far too soluble in one solvent and much
too insoluble in another solvent to allow of satisfactory recrystallisation,
mixed solvents or ‘‘ solvent pairs '’ may frequently be used with excel-
lent results. The two solvents must, of course, be completely miscible.
Recrystallisation from mixed solvents is carried out near the boiling point
of the solvent. The compound is dissolved in the solvent in which it is
very goluble, and the hot solvent, in which the substance is only sparingly
soluble, is added cautiously until a slight turbidity is produced. The
turbidity is then just cleared by the addition of a small quantity of the
first solvent and the mixture is allowed to cool to room temperature ;
crystals will separate. Pairs of liquids which may be used include :
aleohol and water ; alechol and benzene ; benzene and petroleum ether ;
acetone and petroleum ether ; glacial acetic acid and water.

The following rough generalisations may assist the student in the
gelection of a solvent for recrystallisation, but it must be clearly under-
stood that numerous exceptions are known (for a more detailed discussion.
see Section X1,4):

1. A substance is likely to be most soluble in a solvent to which it is
most closely related in chemical and physical characteristics.

2. In ascending a homologous series, the solubilities of the members
tend to become more and more like that of the hvdrocarbon from which
they may be regarded as being derived.

3. A polar substance is more soluble in polar solvents and less soluble
in non-polar solvents.

11,28, EXPERIMENTAL DETAILS FOR
RECRYSTALLISATION

It is assumed that the best solvent and the approximnate proportions
of solute and solvent have been determined by preluninary tests as
described in the previous Section or have been obtained from reference

* If the crude substanco contains an insoluble finpurity, difficulty may be experienced
at a later etage in estimating how much solute hias cryasuallised frorm the enld solutisn. The
hot eolution should therefore be Gltered into another tube tlirough o very small Auted Glter
psper contained in a amall short-stemmed funnel. The solution rouss always be clear
before cooling is sttomptled.

45



128 PRACTICAL ORGANIC CHEMISTRY (I,

books containing solubility data.* The sgolid substance is placed either
ina small bolt-head flask or conical flask and slightly less than the required
quantity of solvent is added together with e few fragments of pordus
porcelain or, better, a boiling tube (Fig.1,3,1); & reflux condenser is
then fitted to the flask (Fig. I7, 13, 7). If the solvent is not inflammable,
toxic or expensive, the reflux condenser is not essential and may be
replaced by a funnel with a short stem. The mixture is boiled and more
solvent is added down the condenser (or directly into the flask if a con-
denser is not employed) until a clear solution, apart from insoluble
impurities, T is produced. If the boiling point of the solvent is below 80°,
a water bath (Fig. I, 5, 1) ar steam bath is satisfactory ; for solvents of
higher boiling point an air bath (Fig. II, 5, 3), electric hot plate, or
asbestos-centred wire gauze should be used.

Filtration of the hot solution. The boiling or hot solution must be
rapidly filtered before undue cooling has occurred. (If an inflammable
solvent has been used, all flames in the vicinity must be extinguished.)
This is usually done through a fluted filter paper (for preparstion, see
Section I1,29) supported in a relatively large funnel with a short wide
stem : separation of crystals in and clogging of the stem is thus reduced
to & minimum. It is often advantageous to warm the funnel in the
steam oven before filtration is started. The funnel is supported in a
conical flask of sufficient size to hold all the solution ; alternatively, the
funnel may be clamped or supported in a stand and the filtrate collected
in a beaker, but the use of & conical flask is preferable. If the operation
has been successfully carried out, very little material will erystallise on
the filter : any solid that does separate must be scraped back into the
first flask, redissolved and refiltered. The filtered solution is covered
with a watch or clock glass, and then set aside to cool undisturbed. If
large crystals are desired, any solid which may have separated from the
filtered solution should be redissolved by warming (a reflux condenser
must be nsed for an inflammable solvent), the flask wrapped in a towel or
cloth, and allowed to cool slowly. If small crystals are required, the hot
saturated solution should be stirred vigorously and cooled rapidly in a
bath of cold water or of ice.

If crystallisation commences as soon as the solvent cools or if large
quantities of hot solution are to be filtered, the funnel (and fluted flter
paper) should be warmed externally during the filtration (hot water
funnel). Three types of hot water funnel are illustrated in Fig. 11,1, 6 ;
no flames should be present whilst inflammable solvents are being filtered
through the funnel of Fig. 11, 1, 6, a. Alternatively, the funnel may be
surrounded by an electric heating mantle (see Section II,57); the heat
input may be controlled by a variable transformer. When dealing with
congiderable volumes of aqueous or other solutions which do not deposit
crystals rapidly on cooling, a Buchner funnel may be used for filtration
(see detailed aceount in Section II,1 and Fig. 11 7,7, ¢). The filter paper

* For example, Lange, Handbook of Chemistry, Ninth Edition (1950) (Handbuok Pub.
lishers, Sandusky, Olio) : Seidell, Solubilities of Inorpanic and Orpunic Substances, Third
Edition (1941-1952) (Van Nostrand). -

t The undissclved material will be readily recognised if preliminary solubility teats have
been meade (Section 11,27).

96



30 EXPERIMENTAL TECHNIQUE 127

should be of close-grained texture and should be wetted with the solvent
before suction is applied ; the solution may then be poured on to the filter,

The experimental details for recrystallisation from mixed solvents (or
solvent pairs) will be evident from the account already given; the best
proportions of the two solvents are determined by preliminary small-
scale experiments.

I1,29. PREPARATION OF A FLUTED FILTER PAPER

The filter paper is first folded in half and again in quarters, and opened
wp as shown in Fig. I71,29,1,a. The edge 2,1 is then folded on to 2,4
and edge 2,3 on to 2,4, producing, when the paper is opened, new folds
at 2,56 and 2,8. The folding is continued, 2,1 to 2,6 and 2,3 to 2,5,

4 T 4 P
5 & 5 \ '! &
~ 1 !
v [}
. P ’
. . s
‘f
| 2 3 H F 3
(o) (b)
7 4 &
5 [
10 9
) 3
(d)
{e)
Fig. 11,29, 1.

thus producing folds at 2,7 and 2,8 respectively (Fig. 11,29, 1,5);
further 2,3 to 2,6 giving 2,9, and 2,1 to 2,5 giving 2,10 (Fig. 11,29, 1, ¢),
The final operation consists in making a fold in each of the eight segments
—between 2,3 and 2,9, between 2,9 and 2,6, ete.—in a direction opposite
to the first series of folds, i.e., the folds are made outwards instead of
inwards as at first. The result is a fan arrangement (Fig. 1], 29, 1, d),
and upon opening, the fluted filter paper (Fig. I1, 29, 1, e) is obtained.

11,30. REMOVAL OF TRACES OF COLOURING MATTER
AND RESINOUS PRODUCTS

USE OF DECOLOURISING CARBON
The crude product of an organie reaction may contain a coloured
impurity. Upon recrystallisation, this impurity dissolves in the boiling
solvent and is partly adsorbed by the crystals as they separate upon

1
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cooling, yielding & coloured product. Sometimes the solution is slightly
turbid owing to the presence of a little resinous matter or a very fine
suspension of an insoluble impurity, which cannot always be removed by
simple filtration. These impurities can be removed by boiling the
gubstance in solution with & little decolourising chareoal for 5~10 minutes,
and then fltering the solution while hot as described in Seetion 1J,28.
The decolourising charcoal adsorbs the coloured impurity and holds back
resinous, finely-divided matter, and the filtrate is usually free from
extraneous colour, and therefore deposits pure crystals. The decolouri-
sation takes place most readily in aqueous solution, but can be performed
in almost any organic solvent ; the process is least effective in hydro-
carbon solvents. It must be pointed out that boiling in a solvent with
decolourising carbon is not always the most effective method of removing
the colour : if boiling is only partially effective, it is often worth while
to pass the cold solution of the substance (preferably in an organic solvent
such as ether) through a small amount of decolourising carbon supported
on a wad of cotton wool in the stem of a funnel—this is effectively a
chromatographic procedure.

An excessive quantity of decolourising agent must be avoided, since
it may also adsorb some of the compound which is being purified. The
exact quantity to be added will depend upon the amount of impurities
present ; for most purposes 1-2 per cent. by weight of the crude solid
will be found satisfactory. If this quantity is insufficient, the operation
should be repeated with a further 1-2 per cent. of fresh decolourising
charcoal. Sometimes a little charcoal passes thirough the close-grained
filter paper: the addition, before filtration, of a little sabestos fibre,
filter paper pulp, high grade infusorial or diatomaceous earth will give a
clear filtrate. Attention is directed to the fact that the decolourising
charcoal should not be added to a superheated solution as the latter may
foam excessively and boil over.

The most widely known form of decolourising carbon is animal charcoal
(also known as bone black or bone charcoal) ; it is the least expensive,
but by no means the best. It has limited adsorptive power, and contains
& large proportion of calcium phosphate and other calcium salts; it
should not be used with acidic solutions, particularly if the desired com-
pound is to be subsequently obtained by a process of neutralisation.
‘I'his difficulty may be overcome, and all risk of the introduction of im-
purities into the hot solution avoided, by boiling the commercial animal
charcoal with dilute hydrochloric acid (1 : 1) for 2-3 hours. The mixture
is then diluted with hot distilled water, filtered through a fine-grained
filter paper supported on a Buchner funnel, and washed repcatedly with
boiling distilled water until the filtrate is no longer acid. It is then well
drained, and dried in an evaporating basin (or casserole) over au electric
hot plate or a sand bath. Acid-washed decolourising charcoal is also
available commercially.

On the whole it is better to employ the activated decolourising charcoal
prepared from wood. Excellent decolourising carbons are marketed
under the trade names " Norit ' * (from birch wood), * Darco ™ * and
* Nuchar.” *

* Obtainmable, for example, from Eastinan Kodak Company.
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11,31, DIFFICULTIES ENCOUNTERED IN
RECRYSTALLISATION

The separation of & second liquid phase, commonly known as an
“oil,” instead of the expected crystalline solid, sometimes occurs during
recrystallisation. The oil often solidifies on standing, although at times
a considerable period may elapse before crystallisation occurs. The
resulting crystals will probably occlude sorue of the mother liquor, and
the purity will therefore not be high. If the substance has a low melting
point, it must not be assumed that this apparently abnormal behaviour
is due to the presence of impurities ; it is probably an example of a system
in which the solid phases consist of the pure components and the com-
ponents are only partially miscible in the liquid state (see Section I,18),
The separation of the oil may be avoided by diluting the solution con-
siderably, but this will lead to large losses. It is probably best to re-beat
the mixture until a clear solution is obtained, and allow it to cool spon-
taneously ; immediately the oil commences to separate, the mixture is
vigorously stirred so that the oil is well dispersed in the solution. Even-
tuelly, crystals will separate and these will grow in the bulk of the solution
and not in & pool of oil, 8o that occlusion of the mother liquor is consider-
ably reduced. When all the oil has disappeared, stirring may be stopped
and the crystals allowed to accumulate. Sometimes the addition of a
minute quantity of the crude ecompound in order to ““ seed  the solution
may facilitate the initial crystallisation.

Occasionally subatances form supersaturated solutions from which
the first crystals separate with dlfﬁculty , this is sometimes caused
by the presence of a little tar or viscous substance acting aa & pro-
tective colloid. The following methods should be tried in order to induce
crystallisation :—

1. By scratehing the inside of the vessel with a glass rod. The effect
is attributed to the breaking off of small particles of glass which may
act as crystal nuclei, or to the roughening of the surface, which facilitates
more rapid orientation of the crystals on the surface.

2. By inoculating ('‘ seeding '') the solution with some of the solid
material or with isomorphous crystals, crystallisation frequently com-
mences and continues until equilibrium is reached. The * seed crystals ™
may be obtained by cooling a very thin film of liquid to a low temperature.
Several drops of the solution are placed in a test-tube or beaker and
gpread into a thin film by rotating the container ; the latter is then cooled
in & mixture of ice and salt or in some other suitable freezing mixture.
A better procedure, which avoids the necessity of subsequently scraping
the surface to remove the * seed crystals " and the attendant melting if
the compound is impure or of low melting point, is to moisten a small
glass bead with the supersaturated solution, place it in a test-tube, cool
the latter in a freezing mixture and thus form crystals on the surface of
the bead. The glass bead can then be rolled out of the tube into the vessel
containing the main bulk of the solution.

3. By cooling the solution in a freezing mixture (ice and salt, ice and
calcium chloride, or solid oarbon dioxide and ether). It must be borne
in mind that the rate of crystal formation is inversely proportional to
the temperature ; cooling to very low temperaturea may render the mass
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very viscous and thus considerably hinder crystallisation. In the latter
case, the mixture should be allowed to warm slowly so that it may be
given the opportunity to form crystals if it passes through an optimum
temperature region for crystal formation. Once minute crystals have
been formed, it is very probable that their size will be increased by keeping
the mixture at a somewhat higher temperature.

4. By adding a few lumps of solid carbon dioxide; this produces
a number of cold spots here and there, and assists the formation of
crystals,

5. If all the above methods fail, the solution should be left in an ice
chest {or a refrigerator) for a prolonged period. The exercise of con-
siderable patience is sometimes necessary so as to give thie solution every
opportunity to crystallise.

The product of a chemical reaction, isolated by solvent extraction and
subsequent removal of the solvent, which should normally be crystalline,
is sometimes an oil, due to the presence of impurities. It is usually
advisable to attempt to induce the oil to crystallise before purifying it by
recrystallisation. Methods [ and 2 (previous paragraph) may be applied ;
method Z cannot always be used because of the difficulty of securing the
necessary seed crystals, but should these be available, successful results
will usually be obtained. Another procedure is to add & small quantity
of an organic solvent in which the compound is sparingly soluble or
insoluble, and then to rub with a stirring rod or grind in a mortar until
crystals appear ; it may be necessary to continue the rubbing for an hour
before signs of solidification are apparent. Another useful expedient is
to leave the oil in a vacuum desiccator over silica gel or some other drying
agent. If all the above methods fail to induce crystallisation, direct
recrystallisation may be attempted: the solution should be boiled
with decolourising carbon as this may remove some of the impurities
responsible for the difficulty of crystal formation. Occasionally,
conversion into a simple crystalline derivative is applicable ; subsequent
regeneration of the original compound will usually yield a pure,
crystalline solid.

I1,32. FILTRATION WITH SUCTION

The technique of the filtration of hot solutions has already been
described in Sectiot 11,28, The filtration of cold solutions will now be
considered ; this operation is usually carried out when it is desired to
separate a crystalline solid from the mother liquor in which it is suspended.
When substantial quantities of a solid are to be handled, a Buchner
funnel of convenient size is employed. The ordinary Bucliner funnel
(Fig. 11, 1, 7, a) consists of a cylindrical porcelain funnel carrying a fixed,
flat, perforated porcelain plate. It is fitted by means of a rubber stopper
or a good cork into the neck of a thick-walled filtering flask (also termed
filter flask, Buchner flask or suction flask) (Fig. /], 1, 7, ¢}, which is
connected by means of thick-walled rubber tubing (rubber * pressure
tubing) to a similar flask or safety bottle, and the latter is attached by
rubber * pressure " tubing to a filter pump ; the safety bottle or trap is
essential sinco & sudden fall in water pressure may result in the water
“sucking back.” The use of suction renders rapid filtration possible
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