5.2 Electrometric indication methods:
In the meantime indication methods
using two polarized (polarizable)
electrodes have established
themselves. Double Pt-wire or double
Pt-ring electrodes are commonly used.

5.2.1 Biamperometric indication (Upol
or dead stop)

In this case a constant voltage of max.
500 mV is applied to the electrodes
and the resulting current is measured.
This method was first used mainly for

aqueous iodometric titrations. The
following reactions occur at the
electrodes:

The relationship between the voltage,
current and concentration of the
depolarizer (iodine or triiodide) is
similar to that found in polarography,
i.e. initially only low voltages are
required to produce a flow of current.
Then the voltage increases steeply — as
a function of the iodine concentration
— and, when the limiting diffusion
current has been achieved, the current
increases only slightly. If the voltage
IS then further increased
decomposition of either the solvent or
conductive salt could occur. This
means that a current flows for as long
as iodine is present. When the iodine
has been consumed (e.g. by titration
with thiosulfate) the current falls
abruptly to O (which is where the
name «dead stop» comes from), the
resistance between the electrodes
increases strongly and the electrodes
are again polarized. In KF titration the
reverse occurs. If excess H20 is
present only a minimal current flows;
this increases to a few PA when
excess iodine is present. The «water

5.2 Phuong phap chi thi thdng qua
cac phép do di¢n: Trong khi do, cac
phuong phap st dung hai di€n cuc
phan cuc di duoc phét trién tir rat
lau. Cac dién cuc day bach kim kép
va vong bach kim kép thuong duoc
st dung. 9: 24 PM

5.2.1 Phuong phap chi thi dya trén
hai dong dién (Upol hoac dead
stop)

Trong truong hop nay, nguoi ta su
dung dién ap khong doi toi da 500
mV 4&p vao cac dién cuc va do dong
dién. Luc dau, phuong phap nay
chu yéu duoc dung trong cac phép
chuan d6 i6t 16ng. Tai cac dién cuc
s& xuat hién cac phan tng sau day:
Méi quan hé giita dién ap, dong
dién va néng do cua chat khir cuc
(iot hoac 13") twong tu nhu phuong
phap cuc pho, tic 1a ban dau chi
can dién &p thap dé tao dong dién.
Sau do6, dién ap tang vot — nhu mot
ham theo néng d6 lot - va, khi
dong khuéch tan dat dén gia tri gioi
han, dong lai tang thém chut it.
Néu sau d6 dién &p lai tiép tuc
tang, Su phan huay cua dung moi
hodc mudi dan dién bat dau xay ra.
Diéu nay c6 nghia la dong dién s&
Xuat hién trong sudt thoi gian c6
ibt. Khi ibt bi tiéu hao dan (chang
han do chuan d6 véi thiosulfate)
dong giam dot ngot vé 0 (vi li do
nay ma trong phuong phap nay co
thuat ngir «dead stop»), dién tré
gitra cac dién cuc tang manh va cac
dién cuc lai bi phan cuc. Trong
chuan do KF, qué trinh nghich c6
thé xuat hién. Néu H20 du, chi c6
mét dong nho xuét hién; dong nay
tang 1én vai pA khi i6t du. Sy “ton
hao nudc” do chuyén doi dién hoa
c6 thé bo qua.




loss» resulting from electrochemical
conversion can be ignored. At 50 pA
for 30 s it is theoretically approx. 1 pg
H20. The illustration shows an
example of a biamperometrically
indicated titration curve:

5.2.2 Bivoltametric indication (Ipol)

In this case a small direct or
alternating current is applied between
the electrodes (AC is much more
sensitive than DC, which is why AC is
usually only used for coulometric
titrations) and the resulting voltage is
measured. The shape of the titration
curve is similar to that obtained by
biamperometry; however, the jumps
are usually more marked and larger. If
the sample solution and titrant are
electrochemically active then peak-
shaped or Vshaped titration curves are
obtained. If only one partner is
electrochemically active (the KFR
with excess iodine) then L-shaped
curves are obtained. Examples:

The resulting voltages for excess
iodine or water depend, of course, on
the applied current (Ipol). Three
examples (double Pt-wire electrode):
Ipol = 50 pA, U approx. 100 mV for
excess iodine, approx. 680 mV for
excess H20 Ipol = 10 pA, U approx. 5
mV for excess iodine, approx. 580 mV
for excess H20 Ipol = 1 pA, U
approx. 0 mV for excess iodine,
approx. 350 mV for excess H20

The titration endpoint is determined
by entering a switch-off voltage;
reagent addition ceases when this limit
is undercut. This «ideal endpoint» is
best found experimentally. If too low a

Tai dong 50 pA trong 30 s, gia tri
gan dang 1y thuyét 1a 1 mg H20.
Hinh minh hoa biéu dién duong
cong chuan d6 hai dong dién:

5.2.2 Phuong phap chi thi dya trén
hai dién ap (Ipol)

Trong truong hop nay, nguoi ta
ding dong mot chiéu hoiac dong
xoay chiéu nho ap vao cac dién cuc
(Xoay chiéu nhay hon nhiéu so véi
mot chiéu, vi thé dong xoay chiéu
thudng dugc dung trong chuan do
dién luong) va do dién ap. Hinh
dang cua duong cong chuan do
tuong ty nhu trong phuong phap
chuan d6 hai dong dién; Tuy nhién,
cac diém nhay vot vé gia tri thuong
rd rang hon va 16n hon. Néu dung
dich mau va titrant (dung dich
chuan) déu c6 hoat tinh dién hda
thi chdng ta sé thu dugc duong
cong chuan do hinh dinh hodc hinh
chit V. Néu chi c6 mét thanh phan
cd hoat tinh dién hdéa (KFR cung
v6i it du) thi duong cong s& ¢
dang hinh L. Vi du:

Tat nhién, dién &p cudi cung cua i-
6t hoic nudc du phu thudc vao
dong dat vao (lpol). Ba vi du (dién
cuc day Bach Kim kép): Ipol = 50
nA, U khoang 100 mV dbi voi idt
du, khoang 680 mV ddi véi H20
du Ipol = 10 pA, U khoang 5 mV
d6i vai i6t du, khoang 580 mV dbi
véi  H20 du Ipol = 1 pA, U
khoang 0 mV déi véi 6t du,
khoang 350 mV d6i véi H20 du.
Piém chuan do dugc xac dinh
thong qua dién 4p ngat; viéc thém
vao thube thir dirng khi gid tri nam
dudi gigi han nay. “Piém li tuong”
nay duoc xac dinh tot nhat bang




voltage is selected then the amount of
excess iodine required to achieve the
switch-off point will be too large. If it
IS too high then the titration will not
start because no free iodine is required
for this wvoltage to be achieved
(decomposition of the solvent or
electrolyte). In all these indication
methods there is an overtitration
(presence of excess iodine). In
comparison to the visual methods, the
electrometric  methods have the
advantage that the titration is always
carried out to the same (slight) excess
of iodine and in this way a better
reproducibility and accuracy can be
achieved.

6.2 Coulometry: In contrast to
volumetric KF titration, in KF
coulometry no titrant is added but the
required iodine is generated directly in
the iodide-containing electrolyte by
electrochemical means.There is a
strictly ~ quantitative  relationship
between the amount of electric charge
and the amount of iodine generated.
This relationship allows the extremely
precise addition of the iodine.
Metrohnm KF Coulometers work with
variable current strengths and pulse
lengths for generating iodine at the
anode. Higher current strengths have
not proven themselves in practice —
side reactions can occur and heat can
be produced. Working with variable
pulse lengths allows precise «iodine
addition» even in the region of the
titration endpoint. The instrument
measures the time and current flow
that is required to reach the titration
endpoint. The product of time x
current is directly proportional to the

thuc nghiém. Néu dién ap duoc
chon qué thap thi lugng ot du can
thiét dé dat dén diém ngat s& rat
nhiéu. Néu né qua cao thi qua trinh
chudn d6 s& khong bit dau vi
khéng c6 lot tu do can thiét dé dat
dén dién 4p nay (su phan huay cua
dung moéi hoic chat dién phan).
Trong tat ca cac phuong phép chi
thi nay luén ludn co6 hiéu ung
chuan @6 du (c6 ot du). So véi cac
phuong phap truc quan, phuong
phap chuan do dua trén cac phép
do dién c6 wu diém la: chuan do
lu6n ludn duoc thuc hién dén clng
mét luong Tot du (khéng nhiéu) va
c6 kha nang tai tao ciing nhu ¢ thé
dat duge do chinh xac tot hon.

6.2 Phép phan tich dién luong:
Nguoc voi phuong phap chuan do
KF thé tich, trong phép chuan d6
dién luong KF, nguoi ta khong
thém vao chat chuan ma luong lot
can thiét duoc tao ra tryc tiép trong
chat dién phan chia lodua thong
qua phuong phap dién hoa. Giira
luong dién tich va lugng lot hinh
thanh c6 mdi lién hé chat chd. Mébi
lién hé nay cho phép chdng ta co
thé xac dinh duoc chinh xac lugng
lot thém vao. May chuan d6 dién
luong KF Metrohm hoat dong véi
cudng d6 dong va do dai xung bién
thién dé tao | 6t & anot. Cudng do6
dong cao thuong khong xay ra
trong thuc té - cac phan tng phu c6
thé xuat hién va nhiét luong ciing
c6 thé san sinh. Hoat dong véi do
dai xung bién d6i cho phép thém
vao chinh xac lugng lot tham chi
trong vung diém chuan d6. Céc
dung cu do thoi gian va dong rat
can thiét dé dat dugc diém chuan




amount of iodine generated and
therefore the amount of water
determined. Coulometric water

determination is primarily used for the
determination of small amounts of
water. Larger amounts of water
require a lot of time and/or may
exceed the water capacity of the KF
reagent, which could lead to incorrect
results. Metronm KF Coulometers
work in a determination range of 10
Mg...200 mg H20 with a resolution of
0.1 pg H20. The iodine is produced
by a generator electrode. There are
two different types of generator
electrode:

A) Diaphragm-less generator electrode
The diaphragm-less generator
electrode is easy to handle and easy to
clean. Only a single reagent is
required. However, care must be taken
that only those reagents that are
intended for diaphragm-less generator
electrodes are used. As no moisture
can adhere to the diaphragm there is a
further advantage — the electrode is
rapidly ready for use. There is no
cathode  compartment in  the
diaphragm-less generator electrode, as
reduction takes place on a platinum
surface.

B)  Generator electrode  with
diaphragm A generator electrode with
diaphragm should be used whenever
your samples contain ketones and
aldehydes, as the special reagents used
for them are only available for
generator electrodes with diaphragms.
An electrode with diaphragm should
also be used for reagents with a low
conductivity  (the  addition  of
chloroform, e.g.,, reduces the
conductivity) and when measurements

do6. Tich cua thoi gian va dong ty 1€
thuan véi lugng lot hinh thanh va
tir d6 ¢ thé xac dinh luong nuéc.
Viéc xac dinh lwong nuéc bang
phép do dién luong cha yéu ap
dung cho lugng nuéc nhd. Luong
nuéc cang nhiéu cang can nhiéu
thoi gian va/hoic c6 thé vuot qué
dung luong nuéc cua thude thir KF,
dan dén két qua khong chinh xac.
May chuan d6 dién luong KF
Metrohm hoat dong trong mot
khoang xac dinh 10 pg...200 mg
H20 véi d6 phan giai 0.1 ug H20.
lot dugc tao ra bang dién cuc
chuan do. Cé hai loai dién cuc
chuan do:

A) Bién cuc chuan do khdng mang.
bién cuc chuan do khéng mang dé
ding va d& lam sach. Chi cin mot
thuéc thir duy nhat. Tuy nhién,
ching ta can phai chi y rang chi
nhitng thubc thir ndo danh cho cac
dién cuc chuan d6 khéng mang
méi dung duoc. Vi hoi am khdng
thé dinh vao mang nén sé c6 thém
mot wu diém nira-dién cuc co thé
dua vao st dung nhanh chéng.
Khong c6 ngan cathode trong dién
cuc chuan do khong mang, vi qua
trinh khtr xay ra trén bé mat bach
kim.

B)bién cuc chuin do c6 mang
bién cuc chuan do6 co6 mang duocC
diung khi miu chea xeton va
andehit, vi cac thudc thir dic biét
duoc ding cho ching chi c6 san
cho cac dién cuc chuin d6 co
mang. Dién cuc cO6 mang phai st
dung cho céc thudc thtr c6 d6 dan
dién thap (chang han nhu thém vao
chloroform, hoic giam do dan
dién) va khi cac phép do duoc thuc
hién trong khoang ham lugng chat




are to be made in the lower trace (vét,
chut it, s6 luong thap) range. Reagents
for coulometric water determination
consist of an anolyte that is filled into
the titration vessel and a catholyte that
is filled into the cathode compartment.
Both liquids should have about the
same level in order to prevent pressure
compensation from forcing the anolyte
into the cathode compartment and vice
versa. The endpoint recognition is by a
double platinum electrode and is
largely similar to that in volumetric
Karl  Fischer titration. As the
coulometric KF method is an absolute
method this means that no titer has to
be determined. It must only be ensured
that the reaction that generates the
lodine takes place to 100%. Although
this is the case with the reagents that
are currently available, we still
recommend that the whole system is
checked from time to time with the aid
of certified water standards with a
water content of 1.0 £0.03 mg/g or 0.1
+0.005 mg/g. Handling the standards
is described in 6.1. In coulometry,
cells made completely of glass are
used as titration cells, as cells with a
plastic cover have a certain
permeability to water vapor. This does
not have much influence on
volumetric KF titrations, as these are
normally used to determine higher
water contents than in KF coulometry.
Care must also be taken that the cell is
as impervious as possible.

6.3 The Karl Fischer oven Many
substances only release their water
slowly or at elevated temperatures.
This means that they are not suitable

thép Thudc ther dé xac dinh nuéc
bang phuong phap do dién lugng
bao gom chat dién phan anot (chat
dién phan quanh cuc duong) d6
vao coc chuan do va chat dién phan
cathode dugc cho vao ngin
cathode. Hai chat long déu c6 cung
murc dé ngin chin sy bu &p do nén
chat dién phan a nét vao ngin Ka
t6t va nguoc lai.

Viéc ghi nhan diém nho vao dién
cuc bach kim kép va rat gidng voi
chuan d6 Karl Fischer thé tich. Vi
phuong phap KF dién Iugng la
phuong phap tuyét d6i, nghia la
khdng can xac dinh do6 chuan.
Chuing ta chi can phan @ng tao lot
xay ra hoan toan. Mic du ca cthube
ther hién tai c6 thé dap ang duoc
y&u cau nay, ching ti van khuyén
nguoi dung Kiém tra toan bo hé
théng mot cach lién tuc theo céc
tiéu chuan nudc da duogc chang
nhan v&i ham lugng nudc 1.0
+0.03 mg/g hoac 0.1 £0.005 mg/g.
Viéc thao tac véi céac tiéu chuan
dugc mé ta trong phan 6.1. Trong
phuong phap do dién lugng, cac
cell (t& bao, 6) duoc 1am hoan toan
bang thuy tinh, dong vai tro 1a cac
cell chuan d¢, vi cac cell c6 nip
nhya c6 d6 tham thiu nhat dinh déi
v6i hoi nude. Diéu nay khong anh
hudng nhiéu dén qué trinh chuan
do thé tich KF, vi qué trinh chuan
d6 nay thuong dwoc dung dé xac
dinh ham lugng nudc cao hon so
v&i phuong phap do dién luong
KF. Ching ta can phai nang cao
kha nang chéng tham cho cell.

6.3 Lo Karl Fischer

Nhiéu chat chi giai phong nudc
cham hoic & nhiét do cao. Vi thé
ching khong thich hop cho phuong




for direct Karl Fischer titration. A
further problem is the low solubility of
certain samples in alcohols. In such
cases traditional methods recommend
complicated  sample  preparation
procedures or the use of solubility
promoters, which represent a health
hazard. Other substances react with
the KF reagents to release water or
consume iodine; this falsifies the
results. The above-mentioned
problems can be avoided by using a
heating method.

The substance under investigation is
heated in an oven located upstream
from the cell and the released water is
transferred by a flow of dry carrier gas
to the titration cell where it is
determined by a Karl Fischer titration.
As only the water enters the titration
cell and the sample itself does not
come into contact with the KF reagent
this means that unwanted side
reactions and matrix effects are ruled
out. Work is carried out with either a
conventional tube oven or with an
oven using the vial technique: The 768
KF Oven is a conventional tube oven.
A weighing spoon is used to transfer
the sample to the sample boat, which
Is automatically transported into the
oven at the start of the determination.
The 832 KF Thermoprep is a further
development of the conventional Karl
Fischer drying oven. The samples are
no longer transported into the oven by
using sample boats, but the vial
technique is used. The samples are
weighed out directly into vials that are
then hermetically sealed and placed in

phap chuan do Karl Fischer truc
tiép. Mot van dé khac d6 1a kha
ning hoa tan thap cua nhitng mau
nhu thé trong rwou. Trong nhiing
truong hop nhu thé, néu s dung
cac phuong phap truyén thdng
ching ta phai s dung nhing quy
trinh chuan bi mau phuc tap hoic
ding chét ting kha ning hoa tan,
diéu nay co thé gay nguy hiém cho
sac khoe. Nhitng chat khac phan
tng voéi thude tha KF giai phong
nuéc hoic lam tiéu ton i-6t; nhitng
qua trinh nay co thé 1am sai léch
két qua. Nhitng van dé trén cd thé
khic phuc duoc bang cach ding
phuong phap gia nhiét. Chat can
nghién ctru duoc nung nong trong
mot 10 dat nguoc hudng vaéi cell va
nuéc giai phong ra duoc truyén
bang mot dong khi mang khé sang
cell chuan 46, tai diy luong nudc
nady duoc xac dinh bang phuong
phap chuan d¢ Karl Fischer. Vi chi
¢6 nude vao cell chuan do va mau
khong tiép xic vai thube tha KF,
nén cac phan tng phu khéng mong
mubn va cac hiéu ang nén duoc
loai trir. Cong viéc duoc tién hanh
vai 10 hinh dng thong thuong hoac
vai 10 tng dung ky thuat lo nho. Lo
768 KF la mot 1o ong thong
thuong. Mot mudng ning duogc
diung dé chuyén mau sang thuyén
chta miu, thuyén nay duoc tu
dong chuyén vao 10 tai IGc bat dau
qua trinh xac dinh.  Thermoprep
832 KF 1a mot phién ban phat trién
hon cua 10 say Karl Fischer truyén
théng. D4i voi loai 16 nay, viéc van
chuyén miu vao 10 khéng phai
bang thuyén mau ma bang ky thuat
lo nho. Mau dugc phan vao cac lo
nho, sau d6 nguoi ta bit kin cac lo




the oven. A double hollow needle
pierces the vial septum. A stream of
dry carrier gas (air or inert gas) is
introduced through the inlet needle
and passes through the heated sample.
The carrier gas containing the released
moisture then passes through the
outlet needle and via a heated transfer
tube directly into the titration cell, in
which the Karl Fischer water
determination takes place. Depending
on the water content of the sample the
determination can be carried out
volumetrically or, in the trace range,
coulometrically. Working with vials
means that the oven cannot be
contaminated by the sample and, as a
result, no carryover or memory effects
can occur. In addition, the hermetic
vial seals with PTFE-coated septa
reliably prevent the water content
from being falsified by atmospheric
moisture.

6.4 Automation in Karl Fischer
titrations The use of a sample changer
is well worth while for large numbers
of samples. The advantages are not
only to be found in the amount of time
saved by the laboratory personnel:
automated systems control the
operating procedures and improve
both the reproducibility and accuracy.
In automated KF titration there is an
additional difficulty; normal KF
sample changers do not work in closed
systems and penetration by
atmospheric  moisture cannot be
prevented. For a water content >1%
this interference can be corrected by
the subtraction of a previously
determined blank value. In principle,
the use of such sample changers can
only be recommended for volumetric
determinations. The predefined

nay va dat chang trong lo. Mot
kim rong kép xuyén qua vach lo.
Mot dong khi mang khé (khéng khi
hoac khi tro) dugc dua vao thong
qua kim khac va di qua miu nung
nong. Khi mang chta hoi am duoc
giai phong sau d6 di qua kim va
qua ong truyén nhiét roi di vao cell
chuan d9, tai day qua trinh xac dinh
nudéc Karl Fischer xay ra. Phu
thuoc vao ham Iugng nudc cua
mau, Viéc xac dinh co thé duoc
tién hanh theo thé tich hoic theo
phuong phap do dién lugng (trong
khoang trace (vét, nho)). St dung
cac lo 1am cho 10 khéng thé nhiém
ban do cac mau va do d6, hiéu ung
nhiém ban chéo hoic hiéu ung nhé
khong xuat hién. Ngoai ra, Ccac
dém & nap lo cing voi vach ngin
phi PTFE ngan chan su sai léch
ham luong nude do do am khéng
khi.

6.4 Tu dong hoa trong cic qua
trinh chuan d6 Karl Fischer Viéc st
dung dung cu thay mau ciing can
thiét khi c6 nhiéu mau. Uu diém
khong chi 1a tiét kiém thoi gian cho
nhan vién phong thi nghiém: cac hé
thdng tu dong kiém soat quy trinh
hoat dong va cai thién kha nang lap
lai phép do va do chinh x&c. Trong
chuan do KF ty dong con cé thém
mot khd khan nitra; cadc dung cu
thay mau KF thong thuong khong
hoat dong duoc trong cac hé khép
kin va ching ta khong thé ngin
chin duoc su tham nhap cua d6 am
khong khi. Khi ham lugng nudc
>1%, ching ta c6 thé loai bo anh
huong nay bang céch trir cho blank
value (gia tri rdng, gia tri trang, gia
tri khi phan tich mau trang) dwoc
xac dinh trudc d6. Vé nguyén tac,




methods of the 824 Easy Sample
Changer enable the problem-free and
simple processing of a series of
samples. The comprehensive Karl
Fischer  equipment allows the
determination of water in both solids
and liquids. The samples are weighed
out into glass vessels and covered with
aluminum foil. For the determination
the 824 Easy Sample Changer
transfers the particular sample to the
titration station and moves the titration
head to the working position. A
remote signal starts the addition of the
solvent and then the titration itself.
However, Metrohm also offers you the
possibility  of  the  automated
determination of samples with a water
content <1%: The 789 Sample
Processor XL is the first sample
changer in the world that supplies
reliable and reproducible results in
combination with the KF Coulometer.
As in the oven technique, the samples
are  weighed out into vials,
hermetically sealed with septa and
placed on the sample rack. With the
aid of a pipetting system adapted to
the special conditions of the KF
titration  (minimization of  the
penetration of atmospheric humidity) a
defined volume of the sample is
transported to the coulometer cell
where the water content is determined.
By using the 774 Oven Sample
Processor the automation of the
heating method is also possible. The
principle corresponds to that of the
832 KF Thermoprep, with the
exception that the sample vials are
placed on the rack of the Oven Sample
Processor. During the analysis the
turntable positions the sample vial
above the oven. The vial is then

viéc str dung cac dung cu thay mau
nhu thé chi thich hop cho viéc xéac
dinh thé tich. Cac phuong phap xac
dinh trudéc cua 824 Easy Sample
Changer gip xu Iy hang loat mau
dé dang va don gian. Thiét bi Karl
Fischer hoan chinh cho phép xac
dinh nuéc trong ca chat rin va
long. Cac mau duoc can va cho vao
cac lo thay tinh va pha biang la
nhéom. Pé tién hanh qua trinh xac
dinh, 824 Easy Sample Changer
chuyén cac mau cu thé sang bo
phan chuan d6 va di chuyén dau
chuan d6 dén vi tri lam viéc. Tin
hiéu tor xa khoi dong viéc thém
dung mdi va sau d6 qua trinh chuan
do tu xay ra. Tuy nhién, Metrohm
cling c6 kha nang xac dinh tu dong
cac mau c6 ham lugng nuéc <1%:
789 Sample Processor XL la dung
cu thay miu dau tién trén thé gioi
cho két qua dang tin cay va cd thé
lap lai dugc khi dung két hop véi
B6 chuan d¢ dién luong KF. Ciing
nhu trong k¥ thuat 10, mau duogc
can va chuyén vao céc lo nho, duoc
bit kin bang nap va dit trén gia 46
mau. Véi sy hd trg cua hé thong
pipet thich ung vai nhitng diéu kién
dic biét cua chan @6 KF (han ché
t5i da su Xdm nhap cia d6 am
khéng khi), mot thé tich mau xac
dinh dugc chuyén dén cell dién
luong, tai ddy, ham luong nudc
dugc xac dinh. Khi dung 774 Oven
Sample Processor, ching ta cd thé
tu dong hoa qué trinh gia nhiét.
Nguyén tic hoat dong cua nd co
nhiéu nét twong dong véi 832 KF
Thermoprep, ngoai trir cac lo chira
mau duoc dit trén gia cua Oven
Sample Processor. Trong subt qué
trinh phan tich, ban xoay dinh vi




lowered automatically into the heating
block. In addition, the Oven Sample
Processor offers the possibility of
using temperature gradients. The
recorded water release curve can be
used to determine the optimum
heating temperature for the particular
sample. The curve also allows
statements to be made about the
Kinetics of water release as a function
of the temperature. Depending on the
water content of the sample, the
titration can be carried out
volumetrically or, in the trace range,
coulometrically.

6.5 Accessories for Karl Fischer

titrations

A wide range of accessories makes it
easier to carry out Karl Fischer
titrations in the laboratory: Use the
703 KF Titration Stand for stirring and
manual exchange of the used titration
solution. Solvents can be added and
aspirated off with the built-in
membrane pump without having to
open the cell. This shortens the
conditioning time considerably and
minimizes reagent handling by the
user. The 803 Ti Stand is similar to the
703 Ti Stand, but its functions and
design are adapted to suit Titrandos.
With KF Coulometers and a Titrando,
reagent exchange is even easier to
carry out by using a Dosino. All you
have to do is define the time and the
instrument will carry out the exchange
automatically. If special additional
steps are necessary, such as titration of
a heated solution or homogenization
of the sample in the titration cell, then
special accessories are available to suit

cac lo chra mau trén 1. Sau d6 lo
dugc tu dong ha thdp xudng bo
phan gia nhiét. Thém vao do6, Oven
Sample Processor ciing cung cip
tinh nang gradient nhiét d§. Puong
cong giai phong nudc ghi nhan
duoc ¢ thé dugc st dung dé xac
dinh nhiét @6 gia nhiét t6i wu doi
véi mot mau cu thé. Pudong cong
cling cho phép xac dinh dong hoc
cua qua trinh giai phong nudc theo
nhiét do. Tuy thudc vao ham lugng
nudC cua mau, qué trinh chuan do
c6 thé dugc thyuc hién theo phuong
phap thé tich hoic, theo phuong
phap do dién lugng (trong pham vi
theo doi).

6.5 Céc phu kién dé tién hanh qua
trinh chuan d6 Karl Fischer

Nha san xuat cung cap mot loat cac
phu Kkién gilp cho qué trinh chuan
do Karl Fischer co thé tién hanh dé
dang trong phong thi nghiém: Su
dung 703 KF Titration Stand dé
khudy va hoan doi thu céng dung
dich chuan d6 di dung. Cac dung
moi duoc thém vao va hit ra bang
bom mang dugc tich hop sin ma
khéng can phai mg cell. Pidu nay
rdt ngan thoi gian can thiét va giam
thiéu cong suc xir Iy thudc thir cua
nguoi dung. 803 Ti Stand tuong tu
véi 703 Ti Stand, nhung chiic nang
va thiét ké cua né phd hop véi
Titrandos. Vi may chuan do dién
lugng KF va Titrando, viéc thay
ddi thude thir c6 thé dugc tién hanh
dé dang bang Dosino. Ching ta chi
can an dinh thoi gian, sau d6 dung
cu s& thyc hién qua trinh hoan doi
tu dong. Néu can thém cac budc
phu tro dac biét, chang han nhu
chuin d6 dung dich dugc nung




your particular Some

examples:

application.

7. Side reactions

KF water determination is only
specific if no side reactions take place
with the KF reagents. This means that
no water should be released in side

reactions, nor should the sample
consume or release iodine. Most
(unwanted and interfering) side
reactions can be suppressed by

suitable measures. The most important
interfering substances are:

7.1. and
oxides

During the KF titration methyl sulfuric
acid and hydriodic acid are produced.
Although these are attached to the
base, they still form weak acids that
react with the above-mentioned
compounds to form salts and release
water:Not all oxides take part in an
acidic reaction. In addition to alkali
oxides and alkaline earth oxides, the
following will react:We recommend
that the H20 in these compounds is
determined by the oven method.

Carbonates, hydroxides

7.2. Aldehydes and ketones These two
classes of compound combine with the
methanol in the KFR to form acetals
and Kketals respectively with the
release of water. With aldehydes the
reactivity decreases as the chain length
increases. Aromatic aldehydes react
more slowly than aliphatic aldehydes.
Acetaldehyde reacts the quickest and
causes the most problems. But there

nong hodc dong nhat cac mau trong
cell chuan do, thi s& c6 thém céc
phu kién can thiét dé dap tng
nhitng nhu cau &ng dung cu thé do.
Mot s6 vi du:

7.Cac phan tng phu

Viéc xac dinh nudc bing may KF
chi cho két qua cu thé néu khong
xay ra phan tng phu véi thube thi
KF. Tuc la nudéc s€ khong giai
phong ra trong cac phan tng phuy,
va mau ciing khong bi tiéu hao
hodc giai phong lot. Hau hét cac
phan ¢ng phu (khdng mong mudn
va can tro) cd thé dugc kKim ham
thdng qué cac bién phap thich hop.
Cac chat can tré quan trong nhat Ia:

7.1. Cachonat, hydroxit va oxit
Trong qué trinh chuan d6 KF, axit
sulfuric methyl va axit hydriodic
dugc hinh thanh. Mac du nhiing
chat nay di kém véi bazo, chung
van tao thanh axit yéu, nhitng axit
ndy phan tng véi cac hop chat
dugc dé cap & trén hinh thanh mudi
va giai phong nuéc: Khong phai tat
ca cac oxit tham gia vao phan ng
axit. Ngoai oxit kiém va oxit kiém
thd, cac chat sau day s& phan Gng:
Chung t6i dé nghi xac dinh H20
trong nhiing hop chat nay bang
phuong phap 10.

7.2. Andehit va xeton

Hai loai hop chat nay két hop véi
methanol trong KFR dé lan luot
hinh thanh axetan va ketal dong
thoi giai phong nuoc. Voi andehit,
phan ung giam khi tang d¢ dai
mach (chiéu dai mach). Andehyt
thom phan ung chiam hon Andehyt
béo. Axetaldehyt phan ng nhanh
nhanh nhat va gay ra nhiéu van dé.
Nhung luon ludn cé nhitng truong




are always exceptions to any rule,
formaldehyde and chloral do not form
acetals and can be titrated without any
problems.

than
also

reactive
The  reactivity
decreases as the chain length
increases. Ketal formation is most
rapid with acetone and cyclohexanone.
The following are regarded as being
stable (no ketal formation):
diisopropyl ketone, benzophenone,
deoxybenzoin, benzil, benzoin,
camphor, alizarin, dibenzalacetone
and dichlorotetrafluoroacetone.

Ketones less

aldehydes.

are

Acetal and ketal formation is also
influenced by the alcohol present. As
the chain length increases the
reactivity also decreases. This means
that methanol is the quickest to react.
There are several ways of preventing
acetal or ketal formation: a) By using
KF reagents specially labeled for this
purpose. b) By using methanol-free
KF reagents. Methanol is replaced by
a higher alcohol, e.g.
2methoxyethanol. ¢) By making use of
the different reaction rates and
slowing down acetal or Kketal
formation so much that they do not
interfere with the titration. This can be
achieved by carrying out the titration
at —10 °C. This also freezes the
bisulfite addition (see following
section). With aldehydes a second
reaction — bisulfite addition — can also
interfere. In this case H20 is
consumed, so that the water content
determined could be too low.

hop ngoai 1é cho bat ky quy tac
nao, fomandéhyt va cloral khong
hinh thanh axetan va c6 thé chuan
d6 ching ma khéng gap bat cu van
da gi.

Xeton it hoat dong hon andehyt.
Kha nang phan Gng cia nd cling
giam khi d6 dai mach (chiéu dai
mach) tang. Sy hinh thanh Ketal
dién ra nhanh nhat khi phan tng
véi acetone va cyclohexanone.
Nhitng chat sau ddy duogc xem la
6n dinh (khdng hinh thanh ketal):
diisopropyl ketone, benzophenone,
deoxybenzoin, benzil, benzoin,
camphor, alizarin, dibenzalacetone
va dichlorotetrafluoroacetone.

Su hinh thanh axetan va ketal ciing
bi anh huong boi rugu. Khi @6 dai
mach (chiéu dai mach) ting, kha
ning phan ung ciing giam. Piéu
ndy c6 nghia 13 methanol la chat
phan tng nhanh nhit. C6 mét sb
cach ngan ngura sy hinh thanh
axétal hoac ketal: a) Dung céac
thuéc thit KF chuyén dung cho
muc dich ndy. b) Dung cac thuéc
tht  KF khbéng chta methanol.
Methanol duogc thay thé bang mét
loai con cao hon, chéng han nhu
2methoxyethanol. ¢)Str dung cac
tbc d6 phan wng khac nhau va lam
cham su hinh thanh axétal hoac
ketal nham 1am cho ching khéng
anh huong dén qua trinh chuan do.
Muén dat duoc diéu nay ching ta
phai thuc hién qué trinh chuan d6 ¢
10 °C. Piéu nay ciing giam thiéu
viéc thém vao bisulfit (xem phan
sau). D6i voi andehit, mot phan
ing thtr cap-thém bisulfate — ciing
c6 thé anh huéng. Trong trudng
hop ndy, H20 bi tiéu hao, vi thé
ham lugng nudc ghi nhan dugc cé




7.3. Strong acids Strong acids can
react with the methanol contained in
the KF reagent and release water:
Among the organic acids the strongest
esterification is shown by formic acid;
acetic acid only undergoes partial
esterification. Methanol esterifies the
quickest. With propanol and/ or 2-
methoxyethanol slower reaction rates
are achieved. However, strong acids
also lower the pH of the reaction
solution so much that the KF reaction
either no longer takes place or
proceeds unsatisfactorily. The reaction
mixture can be buffered by the
addition of a base (e.g. imidazole) and
the pH brought back to the optimal
range again. If this measure is taken
then no esterification occurs even with
strong mineral acids

7.4. Silanols/Siloxanes The terminal
silanol groups esterify with the
methanol contained in the KF reagents
and release water. This means that
methanol-free reagents must be used
to determine the water content of these
substances

7.5. Boron compounds Boric acid
reacts with methanol with
esterification and the release of water:
Boron trioxide (B203), metaboric acid
(HBO2) and borax [/ sodium
tetraborate (Na2B407) all react in the
same way. The esterification rate
decreases as the chain length of the
alcohol increases (methanol esterifies
the quickest).

7.6. Metal peroxides These form water
with KF solutions and cannot be
titrated directly. In some cases the
oven method can be used (provided

thé thap hon thuc té.

7.3 Axit manh Axit manh cé thé
phan tng voi methanol trong thube
thir KF va giai phong nudc: Trong
sd cac axit hiru co, axit formic thé
hién tinh este hda manh nhat; axit
axetic chi este héa mot phan.
Methanol este héa nhanh nhat. Béi
Voi propanol va/hoac 2-
methoxyethanol, tbc d6 phan tng
cham hon. Tuy nhién, cac axit
manh ciing c6 thé lam giam PH cua
dung dich phan &ng vi thé phan
ttng KF hoic khéng dién ra hoic
dién tién theo hudng khdng mong
doi. HAn hop phan ang c6 thé duogc
dém bang cach thém vao bazo (vi
du nhu imidazole) va PH duogc dua
vé khoang téi wu. Néu ching ta tién
hanh phuong phap nay thi qua trinh
este hda s& khdng xuat hién ngay
ca VOi cac axit vd co manh.

7.4 Cac silanol / cac siloxan Cac
nhém silanol dau phan Gng este
hda v&i methanol nam trong thuéc
the KF va giai phong nudc. Piéu
nay co nghia la chung ta phai dung
cac thudc thir khdng chaa methanol
dé xac dinh ham lugng nudc cua
nhitng chat nay.

7.5 Céc hop chit boron Axit boric
phan tng véi methanol kem theo
este hda va giai phong nuac: Oxit
Bo (B203), axit metaboric (HBO?2)
va borax / natri tetraborate
(Na2B407) tit ca déu phan tng
theo cting co ché. Toc do este hoa
giam khi do dai mach (chiéu dai
mach) cua rugu tang (methanol
este hda nhanh nhat).

7.6 Peroxyt kim loai Nhiing chat
nay hinh thanh nudc véi cac dung
dich KF va khong thé chuan do
tryc tiép duoc. Trong mot sb




that the substances release their H20
at <250 °C).

7.7. Reducing agents Reducing agents
can react with the iodine in the KF
reagents and simulate a water content
that is too high. 0.5 mol H20 / mol
substance in the sample is simulated

by
Petrochemical products may also
contain interfering substances. The

additive tetraethyl lead simulates a
higher water content: The water
content of salts can usually be
determined by the oven method. We
recommend the following procedure
for determining the water content of
ascorbic acid and hydrazines: The
sample is dissolved in methanol and
titrated against methanolic iodine
solution. This oxidizes it and the KF
water determination is no longer
interfered with. In the same solution a
titration can then be carried out with a
combined KF solution. The H20
content of the methanol used must be
determined separately and subtracted
from the result.

7.8. (Strong) Oxidizing agents These
release elemental iodine from the
lodides in the KF reaction and
simulate a water content that is too
low.

7.8 a Dialkyl peroxides, diacyl
peroxides and peresters form iodine.
However, the reaction takes place
slowly and can be «frozen» at low
temperatures. The titration
temperature to be used is product-
specific and can be as low as —60 °C.
Hydroperoxides — e.g. H202 - do
form iodine, but also an equivalent

trudng hop, chdng ta ¢ thé dung
phuong phéap 10 ( voi diéu kién la
c4c chat giai phong nude & nhiét do
dudi 250 °C).

7.7. Chit khir Céac chét khir c6 thé
phan @ng vai 16t trong cac thube
the KF va cho ra ham lugng nuéc
cao. Chat 0.5 mol H20 / mol trong
mau tuong g

Cac san pham hoa dau ciing c6 thé
chtra cac chat can tro. Phu gia chi
tetraethyl cling c6 thé dan dén ham
lugng nudc cao: Ham lugng nudc
cia mudi thuong dugc xac dinh
bang phuong phap 10. Pé xac dinh
ham Iuwgng nudc cua axit ascorbic
va hydrazines, chung t6i dé nghi
quy trinh sau: Trudc hét hoa tan
mau trong methanol va chuian do
v6i dung dich methanolic iot. Chat
nay oxy hdéa nd va viéc xac dinh
nudéc KF khong con bi anh hudng.
Trong cung dung dich, qué trinh
chuan d6 co thé duoc thuc hién véi
dung dich KF két hop. Ham luong
nudéc cua methanol st dung phai
dugc xac dinh riéng biét va trir vao
két qua.

7.8. Céc tac nhan oxy hoa (manh)
Nhitng chat nay giai phong nguyén
t6 lot tir Iodua trong phan tng KF
va cho ra ham luong nudc qua
thap.

7.8 Dialkyl peroxides, diacyl
peroxides va peresters hinh thanh |
6t. Tuy nhién, phan Gng xay ra
cham va c6 thé “déng bing” ¢
nhiét do thap. Nhiét do chuan do
ty thudc vao san pham va cé thé
thip dén —60 °C. Ching han nhu
Hydroperoxides H202 hinh thanh
| &t, bén canh mot lugng nudc




amount of H20. The KF titration is
free from interference

7.8 b Elemental chlorine and bromine
also release iodine. In this case excess
SO2 is passed through the sample.
This reduces these substances to
chloride and bromide respectively,
which no longer interfere.

7.8 ¢ The water content of
dichromates, chromates and
permanganates is determined by the
oven method.

8. Sample preparation techniques

Each sample preparation is preceded
by sampling. Particularly  with
inhomogeneous samples — and there
are a lot of them, even if it is not
always obvious — this initial step plays
a crucial role for the correctness and
accuracy of the results. Correct
sampling is therefore an essential
requirement for the subsequent
determination! Many standardized
methods provide detailed instructions
concerning this subject. This may also
apply for in-house instructions. If no
instructions are available then the
following points must be observed:

— The water content of the sample
taken must be the same as the average
water content of the original sample —
I.e. the sample must be representative.
— Atmospheric moisture is an ever-
present source of contamination, and
not only in tropical countries.

— Hygroscopic samples have a large
amount of water adhering to their
surfaces.

— Samples that easily release water or
become weathered have only a small

tuong duwong. Qua trinh chuan do
KF khong bi anh huéng.

7.8 b Nguyén t6 Clo va Brom ciing
giai phong 16t. Trong trudng hop
nay, SO2 du dugc cho qua mau.
SO2 du kht nhitng hop chit nay
thanh clorua va bromua, nhirng
chat khéng con anh hudng dén qué
trinh chuan da.

7.8 ¢ Ham Iluong nudCc cua
dicromate, crébm, permanganates
(thudc tim) duoc xac dinh bang
phuong phap 10.

8.Céac k¥ thuat chuan bi mau

Trude khi chuan bi mau (diéu ché
mau) chdng ta phai ldy mau. Pac
biét v6i cac mau khong dong nhat-
va réat nhiéu trong sé ching, mac du
khong phai lac nao ciing dé& thay-
buéc ban diu doéng vai trd quan
trong gop phan tao ra két qua dung
dan va chinh xdc. Do d6, viéc lay
mau chinh xac 1a mot yéu ciu co
ban cho viéc xac dinh tiép theo !
Nhiéu phuong phap tiéu chuan da
dua ra cac hudng dan chi tiét lién
quan dén chu d& nay. Piéu nay
ciing 4p dung cho cac huéng dan
nodi bo. Néu chua c6 sdn hudng dan
ching ta can quan sat nhirng diém
sau day:

- Ham lugng nuéc cia mau duoc
chon phai bang ham luong nudc
trung binh cua mau ban dau-tac 13,
mau phai tiéu biéu.

-Do am khong khi 1a mot nguon &
nhiém ludn ludn hién dién khong
chi riéng cac nudc nhiét doi

-C4ac mau hat am ¢6 mot lwong 16n
nuéc bam trén bé mat cua ching

-Céac mau dé dang giai phong nudc
va bi phong hda chi c6 mot lugng




amount of water on their surfaces.

— Liquids can release water if the
water is not present in dissolved form
but as a dispersion (precipitation or
flotation, adherence to vessel walls —
e.g. petrochemical products,
margarine). The same applies for
samples in which the solubility limit
for water is undercut on cooling down.
— The more heterogeneous the water
distribution in the sample, the larger
the sample to be taken.

— Sampling must take place as quickly
as possible and the water content of
the sample must not change during
transport and storage.

General Many samples can be
weighed out and/or injected directly
into the titration vessel or titration cell,
provided that they are soluble in the
solvent used and do not undergo side
reactions with the KFR. In contrast,
other samples require one or more
preparation steps. The most important
sample preparation techniques are
described below. Further information
can be found under the individual
classes of substances. It is very
Important that the sample preparation
technique used does not introduce any
additional water into the sample and
that no water losses occur by heating
the sample too strongly.

A) Dilution For reasons of accuracy
(sample size) we recommend that
samples with a high water content
(>40%) are diluted with an inert dry
solvent before the determination.
Methanol can normally be used for
this purpose. If the sample contains
emulsified fats and/or oils then a dry
mixture of 60% methanol and 40%

nho nudce trén bé mat.

- Chat long c6 thé giai phong nudc
néu nuéc khong ¢ dang hoa tan ma
¢ dang phan tan (két tua hoac tuyén
noi, bam vao thanh binh-chang han
cac san phim héa dau, bo thuc
vat). Pac diém trén ciing dung cho
cac mau c6 giGi han hoa tan ddi voi
nudce giam khi bi lam lanh.

-Su phan bd nuéc trong mau cang
khong dong déu, ching ta cang
phai chon mau I6n hon.

-Viéc lay mau nén tién hanh cang
nhanh cang tét va ham luong nudc
cuia mau phai giit nguyén trong quéa
trinh van chuyén va luu trit.

Nhin chung, cdc mau dugc can
va/hoic tiém tryc tiép vao coc
chuan do hoic cell chuan dd, mién
sau ching c6 thé tan duoc trong
dung moéi dang dung va khong
tham gia phan tng phu véi KFR.
Tuy nhién, mot s6 mau khac can
mot hodac nhiéu budc diéu ché.
Nhitng k¥ thuat diéu ché mau quan
trong nhét dugc mo ta bén dudi.
Chuing ta c6 thé tim duoc thdng tin
chi tiét ngay bén dudi ting loai
chat. Mot diéu quan trong can ch
y 14, chung ta phai st dung nhirng
ky thuat diéu ché mau khong dua
thém luong nudC vao mau va sy
mat nuéc khi nung néng mau
khong qua lon.

A)Pha lodng Dé dam bao do chinh
xac (kich thuéc mau) ching toi
khuyén cdo ngudi ding nén pha
lodng cac mau c6 ham lugng nudc
cao (>40%) biang mot dung moi
khé va tro vé mat hoa hoc truge khi
xac dinh. Methanol c6 thé dap ang
dugc yéu cau nay. Néu miu chua
cac chat béo dugc nhil twong hoa




decanol (or, if permitted, chloroform)
should be used. The procedure is as
follows: Approx. 1 g sample is
weighed out exactly into a dry
Erlenmeyer flask fitted with a septum
stopper. This is treated with approx.
20...25 g dry solvent (mixture), the
flask is then sealed and the contents
mixed. Part of the mixture is drawn off
in a dry syringe and the syringe and its
contents are tared. Some of the
mixture is injected into the titration
vessel and titrated. The amount of
sample injected is determined by
back-weighing the syringe. If a dry
solvent is used then it is not absolutely
necessary to take its blank value into
account. Here is an example:

The following samples can be treated
in this way: — Drilling and cutting oil
emulsions — Cosmetic lotions and
emulsions — Spirits — Milk and cream,
ready-to-use salad sauces, liquid
spices. B) Solvent extraction

This can take place in two different
ways — external or during the titration
in the titration vessel. It is usually
carried out either warm or hot, less
frequently at room temperature. If an
external extraction is carried out then
please remember that all the water can
never be extracted, an average water
content between the sample and the
solvent is obtained.

Example: 10 g sample with a water
content of 10% is extracted with 50
mL methanol (density approx. 08
g/cm3) with a water content of 100
ppm. The H20 content of the mixture
iIs 1004 mg / 50 g, corresponding to
20.08 mg H20 / g or 2.008% H20.
This also means that the larger the
ratio between the sample and dry

va /hodc dau thi ching ta nén dung
hon hop khé 60% methanol va
40% decanol (hoic, néu dugc phép,
chloroform). Tién hanh quy trinh
nhu sau: Can khoang 1g mau cho
vao binh day rong khé vira khit voi
nip co vach ngin. Mau nay duoc
xu ly vai khoang 20...25 g dung
moi kho (hdn hop), sau do day binh
lai va tron 1an cac chat trong do.
Ding mot 6ng tiém khd hat mot
phan hdon hop, sau d6 can ong tiém
va luogng chat trong d6. Luong mau
tiém ra dugc xac dinh bang céch
can lai 6ng tiém. Néu ding dung
moi kho thi khong can phai xét dén
gia tri trang cua no. Vi du:

Nhitng mau sau day co thé xu ly
theo cach nay: - Nhii twong dau
khoan va cit - Kem my pham va
nhil twong- D6 ubng ¢6 ruou — Sira
va kem, nudc sot salad tron sin,
cac loai gia vi long. B) Chiét tach
bang dung mai

Budc nay c6 thé tién hanh ¢ ngoai
hoidc trong qué trinh chuan dé trong
coc chudn do. Chung ta thuong
thuc hién trong diéu kién nhiét do
am hoac nong, it khi tién hanh ¢
nhiét ¢6 phong. Néu ching ta thuc
hién chiét xuat ngoai can nhé rang
khong bao gio chiét tich duoc toan
bo luong nudc, ching ta chi thu
dugc ham lugng nudc trung binh
gitta mau va dung mai. Vi du: 10 g
mau véi ham luong nuéc 10%
duoc chiét tach v&i 50 ml methanol
(khdi luong riéng khoang 08 g /
cm3.) voi mot ham lugng nudc 100
ppm. Ham luong H20 cua hon hop
la 1004 mg / 50 g, twong Gng VOi
20,08 mg H20 / g hoac 2,008%
H20. Piéu nay ciing co nghia 1a




solvent, the less water will be
extracted from the sample. The blank
value of the solvent must, of course,
be taken into consideration when
calculating the water content. Better
values are obtained if the extraction is
carried out directly in the titration
vessel and the water is titrated
Immediately.

A titration vessel equipped with a
heating jacket and a reflux condenser
Is used and the titration is carried out,
for example, at 50 °C. Work can be
carried out with or without an
extraction time (set at the titrator) as
required. (If an extraction time is used
then please note that a sufficiently
long stop delay must be observed for
the EP.) This method is primarily used
for cereal flour. C) Homogenization In
liquids water can float, adhere to the
inner walls of the sample bottle or be
deposited on the bottom. This occurs
particularly when the sample is taken
at a high temperature and allowed to
cool down to room temperature before
the analysis. The water can again be
distributed homogeneously by
immersing the bottle in an ultrasonic
bath. The separated water can also be
dissolved again by the addition of an
exactly weighedout amount of a
solubility promoter (e.g. isopropanol),
whose water content has been
accurately determined (blank value).
This method is suitable for pastes and
viscous liquids. Solids are usually
inhomogeneous and  must  be
thoroughly comminuted and
homogenized. The procedure depends
on the constitution of the sample:
Coarse particles, hard and tough Ball
mill or analytical mill (closed) with
water cooling. This method is suitable

khi ti 1¢ gitta mau va dung mdi kho
cang I6n, luong nuéc duoc chiét
tach tr miu cang it. Tat nhién,
ching ta phai xét dén gia tri tring
cua dung moi khi tinh ham luong
nuéc. Chang ta c6 thé thu duoc gia
tri t6t hon néu qua trinh chiét tach
dugc thuc hién truc tiép trong cbc
chuan d6 va nudc duoc chuan do
ngay. Coc chuan d6 dugc trang bi
vo toa nhiét va st dung bo ngung
hoi Tuu va qua trinh chuan do duoc
thuc hién ¢ nhiét @6 50 °C. Cong
viéc duoc tién hanh khi co thiét lap
va khong co thiét lap thoi gian
chiét (¢ binh chuan do) theo yéu
cau. (Néu dung thoi gian chiét thi
can phai chd y quan sét thoi gian tri
hodn dung du lau ddi véi EP).
Phuong phdp nay chu yéu duogc
ding cho bot ngii coc. C) Pong
nhat Trong cac chat long, nuéc co
thé tréi noi, bam vao thanh bén
trong cta lo cha mau hoic ling
xudng ddy. Hién twong ndy xuét
hién khi miu duoc liy & nhiét do
cao sau d6 duoc dé nguoi dén nhiét
d6 phong trudc khi phan tich. Dé
nuéc phan b lai dong déu, ching
ta c6 thé ngadm chai vao bon siéu
am. Nudc tach ra ¢d thé duoc phan
giai mot lan nira bang cach thém
vao mot luong chat xdc tac hoa tan
dugc can chinh xac (chang han
isopropanol), ham luong nudc cua
chat xuc tac hoa tan d3 dwoc Xac
dinh chinh xéac (gia tri trang).
Phuong phap nay thich hop cho cac
loai bot nhdo va chéat long nhét.
Cac chit rin thuong khong dong
déu va phai dugc nghién nho va
dong déu hoan toan. Quy trinh tly
thudc vao thanh phan mau:

Céc hat tho, cting va dai




for coffee, cereals, semolina, pasta,
beans, lentils, pills, spices* and
tea*.Coarse, fatty Grating and high-
frequency comminution, e.g. for nuts,
seeds and almonds.

Coarse, soft, inhomogeneous
Comminute with a meat grinder or
knife, then high-frequency
comminution. Suitable for dried fruits,
meat and sausages, fruit and
vegetables.

Pasty, inhomogeneous
Homogenization with a blender, then
possibly high-frequency comminution.
For jam, mustard, precooked spinach.

Suspensions High-frequency
comminution, e.g. for fruit and
vegetable juice, fruit pulp,
concentrates and tomato puree. High-
frequency comminution is the only
method that can guarantee that even
plant  samples are  thoroughly
homogenized. In this method the cells
are disrupted and the water present
inside the cells is extracted.
Comminution is usually carried out
externally in a dry Erlenmeyer or
round-bottom flask with the addition
of a suitable solvent (mostly
methanol). Comminution in the
titration vessel is also possible; the
mixing head is commonly used as a
stirrer (remove the magnetic stirrer bar
from the titration vessel).

D) Heating method The sample is
either heated in a dry stream of gas
(air or nitrogen) or a dry stream of gas
Is passed through the heated sample;
in each case the released water is
transferred to the titration vessel and
immediately titrated. The heating

May nghién bi hoic may nghién
mau phan tich (khép kin) dong thoi
lam mét bang nudc. Phuong phap
nay thich hop cho ca phé, ngii céc,
bot bang, mi, dau, dau ling, thudc,
gia vi va tra * * .Thé, béo Sang va
nghién tan s cao, vi du: cac loai
qua, hat va qua hanh.

Tho, mém, khong dong déu

Nghién bang may nghién thit hoaic
dao, sau d6 nghién tan so cao.
Thich hop cho trai cay say khd, thit
va Xuc xich, trai cay va rau qua.

Nhio, khong dong déu

Lam cho dong déu bang may tron,
sau d6 nghién tan s6 cao. Poi Voi
mirc, hat mu tat, rau bina da nau.
Huyén phu Nghién tan sé cao, doi
V&1 trai cay va nudc ép rau qua, thit
qua (phan nac qua), san pham co
dic va bot ca chua. Nghién tan sé
cao 1a phuong phap duy nhat dam
bao cadc miu thuc vat duoc dong
déu hoan toan. Trong phuong phap
nay, cac cell bi phd vo va nudc
trong cell duoc ldy ra. Qué trinh
nghién thuong duoc thuc hién bén
ngoai trong binh day rdng
Erlenmeyer hodc binh day tron
cling véi viéc bo sung vao dung
moéi thich hop (chu vyéu Ila
methanol). Ciing c6 thé tién hanh
nghién trong binh chuan do; dau
tron thuong duoc dung nhu mot
may khuay (liy thanh khuay tu- [ca
tir] khoi binh chuin do)

D)Phuong phap gia nhiét Mau
dugc gia nhiét trong mot dong khi
khé (khong khi hoic nito) hoic
nguoi ta cho dong khi kho di qua
mau; trong moi truong hop, luong
nudc giai phong ra duoc chuyén toi
binh chuan d6 va dwoc chuin do




temperature should be set as high as
possible — just high enough so that the
sample does not decompose and no
interfering  secondary  constituents
distill over. The heating temperature
and duration must be optimized in
preliminary tests. The appropriate
blank values must be subtracted. This
method is used for samples that cannot
be extracted (or cannot be completely
extracted) with a suitable solvent or
that undergo side reactions with the
KFR. Examples are: - Plastics,
minerals, carbonates and metal oxides,
carbon powder — Petrochemical
products containing additives (motor
oils, lubricating oils and greases) —
Starting materials for pharmaceutical
products, certain freeze-dried samples.

ngay. Nhiét d6 nung can duogc dit
cao hét muc-vira du cao dé mau
khong bi phan huay va khéng cé
thanh phan tht cdp chung cat &
trén. Nhiét d6 nung va thoi gian
nung can phai duoc xac dinh chinh
Xac trong cac thir nghiém so bo.
Gia tri tring thich hop phai dugc
tror ra. Phuogn phap nay dung cho
cac mau khéng thé chiét tach duoc
(hoic khéng thé chiét tach hoan
toan) bang mot dung mai thich hop
hoac trai qua cac phan tng phu voi
KFR. Cac vi du la: Nhya, khoang
chat, cachonat va oxit kim loai, bot
carbon — Cac san pham hoa dau c6
chtra cac chat phu gia (cac loai dau
dong co, dau boi tron va md) —
Nguyén liéu ban dau cho duoc
pham, nhitng miu sy dong khé
(sdy thang hoa, say lanh).




