CROMATOGRAFIA

12/09 |Introdugédo as Técnicas Cromatogrdficas
16/09 |Cromatografia Liquida de Alta Eficiéncia
19/09 |Cromatografia Liquida de Alta Eficiéncia % Técnica de separacdo na qual os
23/09 |Cromatografia Liquida de Alta Eficiéncia componentes de uma amostra sdo
26/09 Cromatografia em Fase Gasosa
30/09 Cromatografia em Fase Gasosa
03/10  |Preparo de Amostras +»*Fase estaciondria (grande area superficial)
07/10 Preparo de Amostras
10/10 |Validagdo Analitica
14/10 |Prova

distribuidos entre duas fases.
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Physical distribution of glyphosate and glufosinate (ng m™2) concentrations on patches

Herbicidas

(skin) for two agents

576+58
875+ BB 143 008
148 = 15 29582206 09219 0,62+ 006
524%53 Not quantified
23 = 24. 58550  Notcuanifie Mot quantified

Applicater, backpack sprayer, glyphosate,

Assistant applicateur, motorized sprayer, glufosinaie,
without protective coverall I

with protective cover

Analytical and Bioanalytical Chemistry
January 2011, Volume 399, Issue 3, pp 1325-1334 | Cite as

Analytical method for assessing potential dermal
exposure to pesticides of a non-agricultural
occupationally exposed population

Ivermectina/Ivomec — Estudo de Bioequivaléncia

Parimetros farmacocinéticos obtidos pela administragao subcutdnea de 200ug ke de Ivermectina 1% (Produtos
Veterinirios Ouro Fino Ltda ) e Ivomec® (Merial Saide Animal Ltda ), em dose nica, em 18 bovinos.

Tratamento | ASCo.

ASCos TV MET Tin Teix
(@gbhml)  @sbal) &

1 Cosn
) ® (agEml) (agiml)

Média = desvio padrao

Tverm ectina 11676.77 0,0036 136,00 5333 36.78
a1% £3.144,99 20,0013 237,04 £10,58 =16,64
Iverm ectina 09 0,0037 72,51 248,00 53,33 60,72
19 00 £0,0005 4835 48,65 %1058 13,84
Fase II
Ivomec 67 0,033 169,72 205,00 53,33 33,16
Fasel .00 20,0007 124,95 71,10 %1058 10,98
Ivomec 26 0,042 67.69 129,00 64,00 58,00
Fase I 3.176.05 011 =00 +45.58 +48001 1200 1642

TOTcalealer fovan realzader em models nde rompartomental

Inemsectia Fase]
Iemmectea Fase I

Concentragdes plasmiticas de Ivermectina 1%
(Produtos Veterinsrios Ouro Fino Ltda) ¢
Ivomec ® (Merial Saide Animal Ltda) em
bovinos. Concentragdes menores do que 5 ng.
mL ndo foram consideradas.

Iromee Fase 1

112 Xt

Ivomee Fase I

S ARS VETERINARLA, 16(2:112-117, 2000.
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LC-MS/MS Method o
Golumn: L Omega 3 m Polr 18 e
Dimension: 150 4.6 mm Chiordane
Partlo: 007-4760-60
Mobile Phase: A: 5 mM Ammonium acetate + 0.1% Formic acid Chiorfenapyr
§: Methanolter (56:2) + 5 b Ammonium aceate
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Simultaneous Determination of Different Classes of Pesticides in Breast Milk by
Solid-Phase Dispersion and GC/ECD

Number of analytes detected in breast milk samples (n = 62) from
breast-feeding mothers living in Lucas do Rio Verde, Mato Grosso state

Number of analytes " Frequency of
detected in the sample detection/ %

0 28 45

1 2 39

2 6 10

3 4 6
TOTAL 62 100

Frequency of pesti ion in breast milk samples (n=62)

from breast-feeding mothers living in Lucas do Rio Verde, Mato Grosso
state

Totalof  Detected
Analyte samples with (> LOD and
pesticides  <LOQ)

Quantified  Frequency of
(>LOQ)  detection/ %

pp-DDE 33 15 18 53
Aldrin 7 7 0 1
p.p’-DDT 5 2 3 8
B-endosulfan 3 1 2 5

LOD: method’s limit of detection; LOQ: method's limit of quantification. J. Braz. Chem. Soc., Vol. 25, No. 8, 1419-1430, 2014,

Figure 2. Sample MRM chromatograms of honeybee sample spiked with pesticides at
concentration level of 3LOQ.
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Composi¢ao acidos fenolicos e aminas biogénicas
Propriedades organolépticas (cor, odor, sabor)
Variedades das uvas
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LC/MS/MS Conditions
Column: Luna® 3 um C8(2) 100 A
. . e . Disaeuions: 5
Vinho Tinto Polifenois e )
Mobile Phase: A 5 m Ammersuan acelae in Water
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Column: Luna Omega 3 ym SUGAR
Dimensions: 150 x 4.6 mm
Part No.: 00F-4775-E0
Elution Type: Isocratic
Mobile Phase: Acetonitrile/Water (80:20)
Flow Rate: 1.5 mL/min

Temperature: 25°C
System: Agilent® 1100
Detection: R
Sample:  Analyte Retention Time (min)
1. Xylose 3.095
2. Fuctose  3.887
3. Glucose 4.462
4. Galactose 4857
5. Sucrose 6.749
";: 6. Turanose 7.506
“ 7. Maltose 8186
p 3 8. Trehalose 9.264
s 9. Lactose 9.758
10. Erlose 12634
o 11. Melezitose ~ 13.203
12. Maltotriose ~ 15.828
e 13. Rafinose 16.496
- 14. Isomaltotriose 24.392
15. Maltotetrose  31.071
P
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LC-MS/MS Conditions

Conditions for both columns:
— Columns: Luna Omega 3 ym Polar 18
ciinical Phase Kinetex 2.6 ym Polar C18
~ Dimensions: 50 x2.1 mm
PartNo.: 00B-4760-AN
' 00B-4759-AN
~ U4 Mobile Phase: A: 10 mM Ammonium formate in Water
i B:0.1 % Formic acid in Methanol
Gradient: Time (min) % B
0 45
2 65
95
Kinetex 2.6 ym Polar C18, 50.x 2.1 mm (100 ng/mt) 95
2566 45
“
e r Detection: Tandem Mass Spec MS-MS (600 °C)
§ b | Instrument: SCIEX Triple Quad™ 4500
§ 13 | Sample: 1. Nortriptyline
o 2. Proriptyline:
et | | - 3. Desmethyldoxepin
bt § 4. Desipramine
bred ’4 H 5. Amitriptyline:
= I 6.Docepin
- ; - - — 7. Imipramine

8. N-Desmethylclomipramine
9. Clomipramine

Aral Bioanal Chen (2017) 409:3587-3:
DOI 10.1007/500216.017-0300-3
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A column switching ultrahigh-performance liquid s

chromatography-tandem mass spectrometry method to determine HNSOH
lamide and 2-arachidonoylglycerol in plasma samples -

‘Camila Marchi Israel Donizeti de Souza’ - Caroline Fernandes Greeco® + =/ ey

José Alexandre Crippa® - Vitor Tumas® - Maria Eugénia Costa Queiroz'* Anandamido

Amostra biologica Grupo estudados n AEA(mgmL?) 2-AG(@gmL')
(média=DP)  (média =DP)
Controle 33 0265:0,145  0,368%0227
Plasma Parkinson 52 02560,157 03230277
Alzheimer 32 04280,117 03420266
Comprometimento 40 02260,126 04540254
cognitivo leve
Huntington r 047320243 0291£0,193
Controle para 32 0553£0,162  0,234%0,125
Huntington
Controle % 068220.173  0468%0,163
Liquido Parkinson 46 081620226 03830249
cefalorraquidiano Alzheimer 31 068520291 047720213
Comprometimento 2 0,6910,155 0,465+ 0,162
cognitivo leve

SEPARACAO CROMATOGRAFICA

CROMATOGRAMA

PARAMETROS
IMPORTANTES
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Cromatograma Esquematico
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Pardmetros Cromatogrdficos

v Tempo de retengdo (1g)

v Tempo de retengdo de um composto ndo-retido (ty)

v Tempo de reteng@o ajustado mmmm)
o

Respost do detector

ALARGAMENTO DE UMA BANDA
CROMATOGRAFICA

OOOOnG)

2a8

annoooononono

Pico Gaussiano - difusdo longitudinal

1. EFICIENCIA DA COLUNA
(picos mais estreitos)

el e D e e e

Cada “estagio” de equilibrio é
chamado de PRATO TEORICO

1. Eficiéncia da Coluna

Outra maneira de medir-se a eficiéncia é através da
Altura Equivalente a um Prato, H:

L Comparagao entre
H=— (mm) diferentes colunas
N h =H/dp — altura do prato
reduzido

A chromatographic analyss for the chlorinated pesticde Dieldrin gives a peak with a refention time of 8.66 min and a baseline width of 029 min. What is the number

theoretical lates? Given that the column is 20 m long, what is the heignt of a theoretcal plate in mm?

of




A chromatographic analysi for the chiorinated pesticde Diekdin gives a peak with a retention time of 8,68 min and a baseine width of 0.29 min. What is the number of
theoretical plates? Given that the column is 2.0 m long, what is the height of a theretical plate in mm?

Solution

Using equation 12.15, the number of theoretical plates is

(868 min)?

s
N=162 - N 16! IE
w (029 min)?

= 14300 plates
Solving equation 12.10 for Hgives the average height of a theoretical plate as

H=3% x

L 20m 1000 mm
N Ts00phtes * m - OMm

2. Resolugdo, R

tRZ_tRl

Ry=—HR "M
% (Wbl + sz)

Rs = Resolugdo entre dois picos; ty; = Tempo de
retengdo do pico 1; tz, = Tempo de retengdo do
pico 2; w,, = Largura do pico 1 na base; w,, =
Largura do pico 2 na base.

2. Resolugdo, R

Para 2 picos adjacentes w,; = w,,, podendo-se

escrever:
Rs=1,25
R _ I~ lg _AtR 70
s - (fins quanti)
Weo Weo
Rs>1,5
Rs valerd 1 quando At = wy, (completa)

% Separagao em funcao de Rg

Rs 050 090 1,00 1,10 1,25 150 200 2,50
% 68,28 92,82 9544 97,22 98,76 99,73 99,99 100,00
Mg(emo) 20 36 40 6,0

Signal

2. Resolugdo, R

2. Resolugdo, R

2. Resolugdo, R




In chromatographic analysis of lemon ol 2 pak for imonene has a etention time of 8.36 min with 2 aseine width of 0.96 in. v Terpinene elutes at 9.5¢ mi with 2 baseine

width of 0.64 min. What s the resolution between the two peaks?
Solution
Using equation 12.1 we find tht the resolution is

2, 2(054min— 83 min) _

2. Fator de Retencdo, k

B = v~ Tolmmro%mm
l[,—1t '
k — R M k _ "R
!y ty
t,, = tempo que uma molécula da fase mével passa na
coluna; denominado de “hold-up time”, tempo morto ou
tempo de retengdo de um soluto ndo retido.
t’; = tempo de retengdo ajustado ou tempo que o soluto
passa na fase estacionaria.
FATOR DE RETENC/-\O (£ k<10
Analise de multiplos componentes (0,55 & <20)
e N w 3. Fator de separagao, o

02 04 06 08

70% methanol

®)

O fator de separagdo, o, é a relagdo existente entre
o tempo que dois picos permanecem na fase

estacionaria.

(©8<ks23) s Fator de retengio . ta i
) J\ ' N
; o K2
'
60% methanol © Nl
(18<K<66) i o 04 e t R1 k] A
\ P N y
[ 2 4 6 v oz
Time (min) L - el
ecio e
50% methanol )
[@<k<19) 1
N2 3 at , L
] 5 10 15
Time (min)
40
3. Fator de separacdo, a. Eficiéncia
Resolucao
Fator de retengdo
oty ——————— Fator de separagao
A
- ‘VA -
3
g c
g
L
Win
T —- T
0 1 2 3 min 4 5 6 7

tra =2,5min  tpg =4,6 min




Detector response

Eificiency
N=16 (tz/w,)?

® For Peak B, 16(4.5 min./0.9 min.)2 = 400
A plates
K k= (ta o)/t

Retention

ky=(25-1)/1=15
ke =(4.6-1)/1=36
ke=(6.2-1)/1=5.2

Selectivity (C-B)
a=k/k
a=k/k,=52/3.6=144
a=144

Selectivity (B-A)
a=ky/k
a=k/k=36/15=24

=24

FATOR DE FATOR DE
ASSIMETRIA ALARGAMENTO
TF=(a+b)
As=b 2a
a
As=1,0-1,05
Excelente

As = 1,2 satisfatorio

5% da
=) ahura do pico

CROMATOGRAFIA LIQUIDA DE
ALTA EFICIENCIA

Profa. Dra. Maria Eugénia Queiroz Nassur

HPLC- ANALITOS

+ AMOSTRA SOLUVEL NA FASE MOVEL

* ESPECIES IONICAS

+ MACROMOLECULAS

+ COMPOSTOS DE ALTA MASSA MOLAR

+ COMPOSTOS TERMICAMENTE INSTAVEIS

+ A MAIORIA DAS SEPARACOES OCORRE EM
TEMPERATURA AMBIENTE

* PERMITE POSTERIOR CARACTERIZAGAO
ESTRUTURAL

CROMATOGRAFIA LIQUIDA DE ALTA EFICIENCIA

Detector
HPLC Column Flow Cell

= 4
N |

High pe iquid HPLC Cinudlofiin
chromatography (HPLC) device ~ Column mass specirum analysis




Sistema Bidimensional

COLUNAS

Colunas Comprimento Diametro Vazio Tamanho
(cm) interno de particula

(mm) (um)

Analitica HPLC | 5-30 2-6 1 -5 mL/min 3,5, 10

Analitica 5-15 1-2,1 <1 mL/min <2,0

UHPLC

Capilar 20-200 0,25-0,5 0,1 =2 pL/min 1,3

recheada

Capilar aberto 100 — 10.000 0,01 -0,075 0,05 -2 puL/min a

Preparativa =20 =10 >1 mL >10

a: filme liquido ligado as paredes

Colunas recheadas com particulas de silica de
diametros iguais a) 10 pm b) 5 um

ALTURA DO PRATO EM FUNGCAO DA VAZAO PARA TAMANHOS DE PARTICULAS DA FASE ESTACIONARIA

0.050
0.045
0.040 L
0.035

H 0.030 H — —
(mm) 0.025 N

10um

0.020

0.015 3um
0.010

0.005 ~ 1.9um

[ 0.1 0.2 0.3 0.4 06
Linear Veelocity, p

(cm/sec)
Years Particle size Plates/15 cm.
1950 100 pm 200
1967 50 pm 1000
1972 10 pm 6000
1985 Spm 12 000
1992 3-3.5um 22000
19967 1.5pm 30 000
2000 25pm 25000
2004 17um 30 000
a) Nonporous silica or resins.

Farmacos acidos

Colunas: 50 x 4 mm NUCLEOSHELL RP 18, 2.7 ym

Enerte:  A) acetoniria, B) 25 MmOl KH,PO, pH 7,
25-40% A In 2.2 min, 25-40% A 2

Fluxo. 1.5 mbl/min, Lm

Prossso: 219 bar, 52 b

Temp:  20°C

Detecgo: UV, 215nm

Picos:

1. Ketoproleno 5. buproleno

2. Fenoprop 7. Carproleno

3. Fenoproteno 8 Diclotenaco

4. Furbiproteno 9. Aco macictnames

INTRODUGAO DA AMOSTRA

Diluir a amostra em fase movel ou em um dos componentes

Evitar - precipitagdo no injetor ou coluna




INJETOR — ALCA DE AMOSTRAGEM

- POSICAO CARREGAR - POSICAO INJETAR

fi T &
o onge injecting the sample

from syringe

to waste
to waste

to column

<
Ng

from pump

loading the sample loop from pump

Da B
bomba omaa
LOAD 2 INJECT
[ Amostra
2 da seringa
Para

U 2
6 2 80
o O ¥3—>pa‘m 3% coluna
coluna
o e
5/) A 4

Descarte

Volume da amostra: 1% do
volume da coluna vazia
Ve=n1r’L

9 - Conditions
| Column Z0RBAX SB-C18
| 3.0x50 mm, 1.8 ym
[\ | Flow rate: 1 mU/min
[~ Temperature: s
| -
| Il {10y inection) Mobile phase 30-65% ACN
(- at25min
- | I ul \ — TpLinjection  Detection: 250 nm UV
H /|| iniection) — 2uinjection g methyl propyland
ﬁ | “‘ [l ?Du'-'i"l“"l“" butyl paraben
i HLIneeton  piiyent methanol
i
0
1

Sanpi syinge L Vial depth
(m ‘
- i =Ty
i sampe T
3
—

4-40°C
‘Sample R,
syringe valve—{ \’
Knurled collar ——
Sanplesyinge— | Sampl ay hande
Kot screw—1 1

PROTECAO DA COLUNA

* COLUNA DE GUARDA (PRE — COLUNA)

* FASE ESTACIONARIA - ANALOGA A COLUNA ANALITICA
+ 1 A4cm DE COMPRIMENTO

+ ADSORCAO IRREVERSIVEL DE IMPUREZAS

| Sahol
——B
N ———
=

10



Cost effective column protection

VanGuaro

Minimal Chromatographic Effects with VanGuard Pre-Columns

VanGuard Pre-columns are uniquely designed to protect and prolong ACQUITY UPLC Column performance while contributing minimal
chromatographic effects

L€ Conditions: in Precipitati
g“l"";"‘ » ACQUTY UPLCBEH G, 21x 50 mm, 1.7 Protein Precipitation Procedure
ot Nomber:
Cou Guard Pre-Colurn, BEHC,, 2.1 x5 mm, 1.7 ym l ocH, | StepsmavinsoogrL ot
PatNamber: 185003975 ez and ecenjdiczen.
e Phee A: 0.2% smmonium hydrocide invter
Mokl Phes B: 0.2 ammarium hydroxice in cetoirie s Tle 200 of st s nd.
Flow Rate: )8 mimin Q’ adito 1.5 ml enirfuge ube
Gradient: e Profile L on
) %A % Desscoyetzen — —
0 95 5 R332 o st 0te anitige
i B | e
55 0 st <o ||
1 - o
Bctntolre: 24
umn P E——
Detecton @254 m e

Sampling Rete:

Time Constent: 00"

Instrument:  ACQUITY UPLC with ACQUITY UPLC.
TUV Detector and ACQUITY SQ Detectar

OCH; Reconstute wih 400uLof 2
50:50 MeOHH 0 sotion
E X (Bsuks 12 203.1 ngimt conc)
s.
0/>_

ACQUITY $Q Detector ‘ @

E Ditzen

Capillary: 35K SRz 4152 N

G E) —Wbou VanGuardPr-Column ~ ©d § — =
1 150°C — Wit VanGuardPre Column N

Desobation e ©

Cone G Flow: 50 UHe

Desobetion Gas low: 850 UHr

SR 3732 ms, 4152 e

MS Interscan Delay: ~ 0.005 sec

ek (s G %t % % 5 i5 ome

VanGuard Pre-Columns are uniauelu desianed to brotect and orolona ACOUITY UPLC Column performance while contributina minimal chromatoaraohic effects.

RESERVATORIO
FASE MOVEL

Saida

de ar
Filtro j
Acgo | el iltro — 2 pum
inoxidavel Baixa solubilidade do
316 — 10pm hélio — dispersdo do

gas

\”'—

polietileno de altissima densidade

Desgaseificagao da fase mével

FASE MOVEL

MISTURA DUAS OU MAIS SUBSTANCIAS MISCIiVEIS

ALTO GRAU DE PUREZA - sensibilidade analitica (filtrar e eliminar
gases dissolvidos)

SOLUBILIZAR A AMOSTRA - SEM DECOMPOSIGAO DOS
CONSTITUINTES

NAO SOLUBILIZAR OU DECOMPOR A FASE ESTACIONARIA
BAIXA VISCOSIDADE E PONTO DE EBULICAO
AQUECIMENTO DA COLUNA

Diminui tr, melhor resolugdo, menor viscosidade, aumento da
difusdo, melhor repetitividade tr

BAIXA ABSORGAO NA REGIAO UV

ISOCRATICA
ELUICAO POR GRADIENTE

Filtros e purificadores de agua

ey =
e o
D, Z
i =

)

0.22 pm Millipak membrane filter

11



AGUA ULTRAPURA

Resistividade 18.2MQ.cm -25°C

TOC <10 ppb

< 0.1 cfu/ml after Millipak or BioPak

Micro-organismos (membrana filtradora de 0,22 um)

Vazao 1.5 L/min

Cfu: Colony Forming Unit

Peak 4
50°C

AU

Minutes

Effect of temperature on retention time and peak shape
Isocratic separation of acetone a C2-C4 alkylphenones in 60:40 methanol-water on a Symmetry” C 2.1x30mm column

Pressure vs. Temperature

5000
o . e
i
Bt
4000 | o= 100% MaoHf[—]
- tows s
3500 \‘\
o \\‘_‘
2 2500 —
S e —
—
1000
————
500
o
10.0 200 30.0 40.0 50.0 &0.0 10

Degrees, €
Pressure vs. Temperature
Column: Symmetry® C18, 2.1x 30mm

Flow rate: 1.0 mL/min
Temperature: 20°C to 60°C

Absorbancia 445 nm

EITO DA TEMPERATURANA
SEPARACAO
CROMATOGRAFICA

-Diminuicéo viscosidade
-Difusibilidade
- Transferéncia de massas

15°C

5 10 15 20
Tempo (min) Separagio carotendides

Coluna C18, 5% THF em metanol

Acetonitrile —Water

~+Methanol -=-THF

Viscosity (mPa s)

30 20 -10 0 10 20 30 4 S50 6 70 8 90
Temperature (°C)

100

110

TEMPERATURA DA COLUNA (30-60°C)

DIMINUI A VISCOSIDADE DA FASE MOVEL
DIMINUI O TEMPO DE ANALISE
MAIOR REPETITIVIDADE TR

PONTO DE EBULICAO DOS SOLVENTES

12



DETECTOR UV
Comprimento de onda limite

FASE MOVEL UV nm
ACETONITRILA 190
METANOL 205
AGUA 190
THF I 210
ACETATO DE ETILA ”m 250
N-HEXANO I 200
1-PROPANOL | 200
TAMPAO ACETATO ”m 210 (10mmol/L)
TAMPAO FOSFATO || <200 (0,1%)

DETECTOR UV
Comprimento de onda limite

Acetone 330 0.306 56.2 5.1
Acetonitrile 190 0.369 816 58
Chloroform 245 0.542 61.2 4.1

DMSO 265 1.987 189 7.2
Dioxane 215 1.177 101.2 4.8
Ethanol 210 1.074 783 5.2
Hexane 210 0.300 68.7 0.1
IPA 210 2.04 82.4 3.9
Methanol 210 0.544 64.7 53
THF 220 0.456 66.0 4.0
Water 191 0.89 100 10.2

Influéncia dos diferentes modos de preparar a
fase mével na resolugdo cromatografica

Contracio do

MLL A

Pt g o
JU& [j
] MEDIR VOLUMES
= SEPARADAMENTE
e

)
JL DIARIAMENTE
()

-EVAPORACAO DO
SOLVENTE

%—
-

-
l

N
LA
6 me

CLASSIFICACAO MECANISMOS DE SEPARACAO
HPLC

Carater ionico, polaridade, massa

molar
15145@
1

FASE EASER SUPRESSAO PAR TROCA
NORMAL > IONICA IONICO IONICA

Mecanismo de separagdo

CL EM FASE NORMAL
CROMATOGRAFIA LIQUIDO SOLIDO

+ FASE ESTACIONARIA: POLAR
+ FASE MOVEL: MENOS POLAR FE
+ MECANISMO DE SEPARAGAO : ADSORCAO

* LIGACOES DE HIDROGENIO
* DIPOLO -DIPOLO
® DIPOLO |NDUZ|D0 -DlPOLO (moléculas polariziveis — moléculas

aromaticas)

« LIGACOES &

CROMATOGRAFIA LIQUIDA EM FASE NORMAL

* CONFIGURAGAO ESPACIAL (cis-trans)

* |sémeros estruturais (diferem na posicdo dos atomos ou
grupos)

* ELETRONEGATIVIDADE

* DIFERENTES GRUPQOS FUNCIONAIS

+ NUMEROS DE GRUPOS FUNCIONAIS
* (acidos graxos e alcoois)

13



Mecanismos de separag¢ao

FM apolar ou moderadamente FM polar adsorgdo
polar — fraca interagdo dipolo

Competi¢iio — solvente Interaciio/competiciio - solvente

2° camada
1° camada Fase movel

——
] 1

Superficie adsorvente ~ Superficie adsorvente

Fase movel

@ Analito @ Fase movel

CROMATOGRAFIA LIQUIDA EM FASE NORMAL

i
CH3-C-CHj

'NH,-R

PARAMETRO DE POLARIDADE — SNYDER
CROMATOGRAFIA POR ADSORGAO

1 = p-xileno, 2= nitrobenzeno, 3 = acetofenona, 4 = 2,6 dinitrotolueno

230
! Eter metil-t-butil £° = 0,48
s
Hexano: éter metil-t-butil 9:1 v/v g° = 0,14
2
i 3
N Hexano €° = 0,0
G 1 2 30 40 0 m
| LiChrosorb Si 60 5 pm

ELUTION ORDER IN 1 2 3
NORMAL PHASE C@g 9]
1 antraceno  naftaleno benzeno
R 23
E 1 2 3
g o, e
3 &. 6 o
2 % Vo 1,3-dimetil benzeno  Metil-benzeno  Benzeno

1 2 3
o "
TIME (MIN.) @ @ énu

benzeno Hidroxibenzeno 1,3 -diidroxibenzeno

Column

100~ 2.1 mm Hypersil SI 100, 5 pm
Mobile phase

hexane +2 % isopropanol

Stop time 8 min

Flow rate 0.3 ml/min

Column compartment

Detector UV-DAD 295/80 nm
Fl

luorescence
excitation wavelength 295 nm,

emission 330 nm

20 g sample dissolved in 15 m hexane

Alfa, beta, gama e delta

- tocoferol: R, =R, =R, = CH,

B - tocoferol: R, =R, = CH; R, = H
Y- tocoferol: R, = H; R,= R, = CH,
& - tocoferol: R, = R, = H; R, = CH,

14



con corticoide sintético
LI )L: t JOH Posic¢dio da dupla
G o ligacdo
g 0,26: 0,6 - Forga fase movel Petasol
Prednisone
) , grom o Lichrosorb Si 60, 5 pm
; beo
PO e Isopetasol FM: éter dietilico
o HO- ligagdo de H (Ligagdo H)
Hydrocortisone
Column : YMC-Pack SIL (5 um, 120 A)
150x4.6 mml.D.
Eluent : chloroform/2-propanol —_——,—
(95/5) ] ; . :
Flow rate :1.0 mL/min 0 5 10 15 min
Temperature : 30 C . .
0 10 20 mn Dstection;  SUNiat2500m Petasites hybridus
FASE ESTACIONARIA QUIMICAMENTE LIGADA —
. estabilidade e repetitividade
Substance class : Phenyls 4
Column : Chromolith® , R R
Performance Si, 100-4.6 mm (C | |
No. 1.51465) L . ™~ o
. ——Si—OH+Cl-Si-R" = — Si—0-Si—R" +HCl
Mobile Phase : n-Heptane 1 Y | v ‘
(LiChrosolv® Cat. No.1.04390) R R
Ethyl acetate (97/3, v/v) ~ L
; ) . LIGACOES SILOXANO (Si-O-Si-Rs)
Sample : 1. Biphenyl; 2. m- GRUPOS SILANOIS Organoclorosilanos
Terph'enyl; 3. m-Quaterphenyl; ‘ (-Si-OH) (agente sililante) .
m-Quinquepheny! SUPERFICIE SILICA GEL R- grupo metila
Merck KGaA | e
? [ ’ ; R’ — cadeia alifatica
o ) 3 i 50% DOS GRUPOS SILIANOIS ou cadeia alifatica
. . o com grupos
Catalizador — amina terciaria grup
terminais polares
FASES QUIMICAMENTE LIGADAS 2 T Bl y _—
1 & ca > a > > Cya
SELETIVIDADE MUU:H.E /\7_ silica > amino > dio cyano
o 1 3
Modo  Grupo quimico Estrutura ® 3 Sl oot i Criseno
\ 2
- i i 1 \' T OO
Amino ~HHy Iy o™ T U‘ LA y 7
L M VR i L (A L
ll;nse : Ciano ":N ?/" ,13 ‘/\5‘\; “f = Tm\j(mm) ¢ ‘zme err:)z
o1mal .%l.U.CHZ.CH.CHZQH AN N /s‘w\ A @ ?y‘ 2 Amino column OH .
2 b silica  Amino Diol Cyano Y i h’ . Alcool
Diol S ; LA / benzilico
} 2 : w e
-gx-()-’.'\iz- li-CEleH Time (min) Time (min)
! EH @ 2 Sllica column (estimate)
Dimetil =51 s 1 | ‘ 3, s .
Fase cHg I A A
Octil 510y - (€4, ¢ -CH T
reversa g Time (min)
Octadecil =51-CHy-(CHy ) g-CHy

25i- 2
Fenil = Q ™

Comparison of retention and selectivity among different NPC columns.

Sample: 1, chrysene; 2, perylene; 3, 1-nitronaphthalene; 4,
& 5

anonaphthalene; 5,

tions: 150 x 4.6-mm columns (colum type
20 mLimin. !

y nzyl alcohol. Condi-
indicated in figure); hexane mobile phase; 35°C;

15



silica > amino > diol > cyano

YMC-Pack SIL (5 um, 120 A) YMCPack DIOHNP (S um, 120A)  YMC-Pack CN (5 um, 120 A)

4
2 1.Di-n-octyl phthalate a
2.Di-n-butyl phthalate:

3. Diethyl phthalate
4.Dimethyl phthalate

2 g

“ \‘
QJU.,,, I ¢

5 10 15 20 mi
otos0sh)
(L T R
Column 25046 mmi.D.
Eluent hexane/ethyl acetate (90/10)
Flowrate  :10mL/min

Temperature :30 C
Detection  :UV at 254 nm

Nitroaniline isomers

13 1. 2 3
CHg NO NHy

e Q < Qe
Toluene Nitrobenzene o-Nitroaniline
4 5. NHy
©“”’ Q
NOp NO»
2L

0 10 20 mn

Column : YMC-Pack CN (5 um, 120 A)
250x4.6 mml.D.
Eluent * hexane/2-propanol (80/20)

Flowrate  :1.0mL/min
Temperature : 30 'C
Detection  :UV at 254 nm

CROMATOGRAFIA LIQUIDA EM FASE REVERSA - RPLC

* MAIS UTILIZADA EM LC - 75% SEPARAGOES LC (ANALITOS NAO

16NICOS)
 FASE ESTACIONARIA — APOLAR

* Grupos apolares quimicamente (ligagdes covalente-
ESTABILIDADE QUIMICA) ligados aos grupos silanéis da
silica

* GRUPOS OCTIL (-CgH,;), OCTADECIL

* (-CygHj,), FENIL (-CH;)

+ FASE MOVEL AQUOSA — MENOS APOLAR FE

ORDEM DE ELUICAO

MECANISMOS DE INTERAGAO EM FASE REVERSA

* PARTICAO - interacdo hidrofébica
* FASE ESTACIONARIA (sitios especificos) — seletividade

* ADSORCAO (particulas sélidas modificadas)

CARACTERISTICAS DOS SOLVENTES

SOLVENTE FATOR FORCA PESO (S)
FASE REVERSA FASE NORMAL
ACETONITRILA 3,2 58
AGUA 0 10,2
METANOL 2,6 5,1
TETRAIDROFURANO 45 4,0
CLOROFORMIO 4,1
DICLOROMETANO 3,1
ETER ETILICO 2,8
ETER METIL TERC-BUTILICO 2,5
HEXANO 0

Forte — polaridade semelhante a fase estacionaria

16



40% MeOH
) (1,62 mPa 25 oc) -+~MeOH -=-THF —+ MeCN

Viscosity (mPa s)

Tos ~0.98 mPa
s (20 %B 25 °C)

o 1 ] 0 a0 0 60 ] 0 50 100
HB Organic

THE: alto UV cut off (215 nm)

Presenca de ar pode formar peroxidos explosivos
Carcinogénico

CROMATOGRAFIA LIQUIDA EM FASE REVERSA - RPLC

* FASE MOVEL AQUOSA

+ ACETONITRILA /AGUA — BAIXA VISCOSIDADE

+ METANOL, THF

+ SOLVENTES ORGANICOS MISCIVEIS EM AGUA

* MAIOR QUANTIDADE AGUA — MAIOR RETENGAO

+ AGUA (SOLVENTE MAIS FRACO) < METANOL < ACETONITRILA
< TETRAIDROFURANO

Forca do solvente em

fase reversa
40% MeOH

AU

5 | ——==

=
=

30 Time (mins)

3' 40% MeCN
ARG AN

3- 40% THF
i

INFLUENCIA DO SOLVENTE DA AMOSTRA NA FORMA DO PICO

(alargamento do pico ou distor¢do do pico)

l#&#l

0 5

Minutos Minutos Minutos

Minutos

Amostra fenilalanina, FM: tampao pH 3,5: ACN: 92:8 v/v
Diluigao tampao com a) 0%, b) 30%, ¢) 50% d) 70% ACN

Strong Injection Solvent May Cause
Poor Peak Shape

Column: ZORBAX StableBond SB-C8, 4.6 x 150 mm, 5um  Mobile Phase: 82% H,0 : 18% ACN
Injection Volume: 30 L Sample: 1. Caffeine 2. Salicylamide

|
A.Injection Solvent | B.Injection Solvent
100% Acetonitrile | ., Mobile Phase

o i |
bl .
,,J &JJ "\T ~ ,,,JL JLM

g [}
Time (mie) Time (i)

« Injecting in a solvent stronger than the mobile phase can cause
peak shape problems, such as peak splitting or broadening.

Influéncia da percentagem de agua no fator de retengdo.
Eluente: MeOH/H,0: a) 90:10 v/v, b) 80:20 v/v, c) 70:30 v/v e

d) 60:40 v/v

a 3‘ b 12s
4
4 4 6

17



SEPARAGAO HPLC ISOCRATICA

90% B 80%B
123 70%
1234 /5.6,7 2 60%
8 8
£
s 6.7
] \
3 5|
8
8 la
£
5
3
< - J
i | i 1 i h n
0 5 0 5 0 5 10
Time (min) —  Time (min) — Time (min) —» Time (min) —

Separagio de alcool benzilico (1), fenol (2), 3,4-dimetoxiacetofenona (3),

benzoina (4), benzoato de etila (5), tolueno (6), 2,6-di 7),
fe ao ganico A itril

(8).

SEPARAGAO HPLC ISOCRATICA

os picos 2e 3

£
S
8
®
8
§
£
2
2
<
i N T I T h
o 5 10 15 20 25
Time (min) —
£
S
8
§
€
2
2
<

L
0

L
5 10 15 20 30 35 60 65 70

5
Time (min) —»

Baixa resolucédo entre

SEPARAGAO HPLC ISOCRATICA

t " Boa resolugdao mas tempo
€ 2 de analise muito longo
& 30% B

8

8

%

3 1 4 5

2

g A A
21 I N n n n n

<0 5 10 15 20 25 30 35 40 45

Time (min) —

8
H 35% B ZN

Absorbance at 220 nm —»
E
~

. L L
5 10 15 20 25 30 35 40 45
Time (min) —

Vor% CHON

Absorbance at 220 nm —

ELUICAO POR GRADIENTE

80% CHCN

45% CHLON
-

[ 30%CHON —

vl | L L L (o Lor v
E3

Time (min) —

20
Time (min) —>

Forga cromatografica aumenta gradativamente

ELUICAO POR GRADIENTE

30% de B a 82% de B
em 20 minutos

Absorvancia em 220 nm —

Il |
10 15 20
Tempo (min) —>

o
o

AU

Pobre resolucéo dos picos
_ iniciais

Baixo sinal analitico
pico largo

Tempo (min)

18



Eluigdo isocrati . L
uigdo isocratica Gradiente de eluigdo

4 500 —|
12 | 70% aqueous/30% ACN 5 2 40% ACN
s NN
1.Tebuthiuron 20 - 60% ACN in 30 min. Peak identification
s oL 0 1. Pindolol
rometon 8
3. Prometryne 0 min 2 2. Diisopyridamide
4. Atrazine 3. Propranolol
s.Bentazon ({2 i Senmsm R e 4 D!pyrldzmole
SParate 2 4551 5. Diltiazem
3 7. Propanil 3 = A%ACN )
8. Metolachlor 6 F Conditions
1 , o . Column ZORBAX RRHT Eclipse
f | — Plus C18, 4.6x 50 mm,
I\ | M J 0 min 2 18um
; - — = NSNS SR S Mobilephase:  A:25mM Nat,P0,,
0 25 50 75 0 5 10 15 20 25 30 pH 3.0, B:ACN
Time (min) Time (min) Flow rate: 2.0 mL/min
Temperature: 30°C
Column: ZORBAX Cyg, 4.6 x 150 mm, 5 ym Detection: UV 240 nm
Mobile Phase: A: H20 with 0.1% TFA, pH 2
B: Acetonitrile
Flow Rate: 1.0 mL/min
Temperature:  35°C
0.120 | 60%8
1. Phosphoserine
2. Aspartic acid
3. Glutamic acid 0.100 L 50%8
4. a-Amino adipic acid 3
5. Asparagine 2
% Sexins Gradient profile 0,080 L sone %
7. Glutamine ] o
8. Histidine s g
9. Glycina £ 0.060 |30%8 #
10. Threonine 9 ]
11. Citrulline 2 E
12. 1-Methylhistidine 0.040 F20%B &
13. 3-Methylhistidine g
14. Arginine 3
15. p-Alanine 0.020 10%8B
16. Alanine
17. Taurine
18. Anserine 0+ {0%B
19. B-Aminobutyric acid T T T T T T
20. B-Aminoisobutyric acid 0 10 20 30 40 50
21 Tyrosine i . . time (min) . ; .
22. cehminobutyriciscid, 2, Gradient elution separation of a mixture of flavonoids. Mobile phase A is an
23. Methionine L-J . . . . . . P
24, Valine aqueous solution of 0.1% formic acid and mobile phase B is 0.1% formic acid in
25. Tryptophan acetonitrile. The initial mobile phase is 98% A and 2% B. The percentage of
26. Phenylalanine bile ph i in f : fi 2% to 5% 5 min, beginni
27, Isolencine 7 min mobile phase B increases in four steps: from 2% to 5% over 5 min, beginning at
g ;&;ci‘;-e . 0.5 min; from 5% to 12% over 1 min, beginning at 5.5 min; from 12% to 25%
. 6-Hydroxylysine . L . K
30, Lysine over 15 min, beginning at 6.5 min; and from 25% to 60% over 20 min,
beginning at 21.5 min.
TIPO DE ELUICAO EM HPLC ELUICAO POR GRADIENTE
Column_ - Chromspher PA.100x30mm (LxID)
Wobile Phase - Aceloniriafwater 700
wn Flow rate mimin
%8 p *B e or Lo Column - Chromspher PAH.100x30mm LxID)
a < Mobile Phase : Acetonitrile/water 0-5 min:  50/50
100 100 100 Zorsomn: 1000
— convexo Fowrate - 10mimn
Detector UV 254
linear segmentado Concentration 001 - 0.1 mg/mi
50 50 50
concavo
L N 13 w0mn
> 0 0 - TEIK Id;vm‘mcﬂlon: e e
o
10 2 10 2 0 » 2 et
Tempo (min) Tempo (min) Tempo (min) e 12 bergaiooantons
5. phenanthrene 13. benzo(a)pyrene
B B B . , N 6. anthrac 14. dibenzo(a hjanthracene
- Maior simetria para os picos - Ruidos da linha de base - 8 indonot 3 capmene o 24mn

-Melhor resolugdo e detectabilidade

- Estabilizar (voltar) a
condigdo inicial

- Menor tempo de anélise

Mudanga da pressdo com a variagdo da composi¢do da FM

Viscosidade da FM
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W Methanol

L ®
S el A Acstonttrile
©
(6]
S 1.04
1
D

0.5
A
D
E XY y T y y

0 20 40 60 80 100

% B organic

Viscosity of mixtures of water and organic so\vvems at 25 °C. (Numeric
values after J. W. Dolan and L. R. Snyder, Troubleshooting LC Systems, Humana

Press, Clifton, 1989, p. 85.)

L e » Coluna: RP-C4
. 30 min 25 cm x 4,6 mm di, 5 pm

Gradiente linear

£ 0-90% ACN
5 1 mL/min
25°C
5
3 N

- 120 min

- T

1000 —

Norm

Time %8B mL/min
08

Gradient profile 0
05 0 08
7 4 08
71 100 08
86 100 08
87 0 08
10 0 08
Conditions
Agilent 1290 Infiity
with DAD
Column Agilent RRHD $B-C18

21x150 mm, 1.8 pm
PN 859700-902

) =1 column void volume, V.,

Injection 1L of 0.2 ym filtered
grapefiuit juice
Temperature: a0°c
Detection W, 276m
Solvent A Water
Solvent B Acetonitrle

Separagdo de herbicidas em fase reversa (Supelcosil LC-ABZ, 25 cm x 4,6 mm) com
gradiente de elui¢do de 10 a 90% de acetonitrila em agua, aumento 0,5% de
acetonitrila por minuto. 1- metamitron, 2-fenuron, 3-mitonuron, 4-simazina, 5-
bromacil, 6-cianazina, 7-atrazina, 8-carbaril, 9-isoproturon, 10-promacil, 11-
propazina, 12-terbutilazina, 13-linuron, 14-propanil, 15-prometrina, 16-fenamifos,
17-fenitrotion, 18-paration, 19-permetrina.

Normal and reverse phase — cyanopropyl group — medium polarity

'
i ayon
- High
s E
Hydrocortiedne
s
a1 2 o .
4 2
Cortousterorm
Folarity
bﬁ?ﬁ
Decayeironstersins
o I S o ok =
(e ) 4. -
o WGP S E I 1R o TG P G AT
manLD. 250% 4.6 mmLD. Low
i oot 1060) Bt e o
Fiwiae  Soamiinn Fowrste -0 mmn
Presswe  :56MPa Pressue. Pragestarane.
Teromraire -0T Tamemrare 130
Deiction S0Vt 258 . 032 AUFS Darecton S0V 2580m 032 AUFS.
Pleion 13 1428 mgims Piccton_:51 028 memey

e
¥ D NHz NZ
C Iy )

Py w ) Py
HOHG, o HoHC o, ";‘N/ HOHE o,
5 L

.
)
8 <)
.
a
Column YMC-Pack Diol-NP (5 um, 120 A)
. Chent v o 105 conanng 10 CHCOON
. &1
s s

15 mi

9
w

Diol-NP is available for HILIC mode separation by using organic/water mobile phases.
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o S v
&
AU F

e Baythroid [*  [isomers not separated under
o reverse phase conditions
e Fove 0

pors ! .
0l Gution

/
Bayleton
2 . Wmcroler njecton

5 [isomers well separated under|
[normal phase conditions
7Guthion
21x250mm sita, 5 micron
Zodwst

A25% ethanol i sooctune
5-0.5% ethanol n buyichioride

8 Bayleton

oo Unknovn

©cco Impurity
.

Separation of Positional Isomers of Baythroid using Normal Phase CHromatography

Colunas:

Eluente:

Flowrato: 4 mi

ss
Tomporatura: 25 °C
cdo:

Separagéo de cetonas
50.x 3 mm NUCLEOSHELL RP 18, 27 ym
50 x 2 mm NUCLEODUR” Gy Graviy, 1.8 pm

acetontri - water (60:40, vW)
\Win, 1,25 mUmin, 0.33 mLmi

540bar,

UV, 254 0m
1 4L, 1 mg/miLdo cada composto no eluente '

o
w“::\n“‘

Counas:
Eerte:

Fluxo:
Prossdo:
T

fomp.
Detocco:

Antidepressivos triciclicos
50 x 4.6 mm NUCLEOSHELL RP 1

7 ym

metanol - acetoniria - 25 mmolL KH.PO,
PH7 (22522555, W)

Etvente.

Fluo:
Prossao.
Tomparatura:
Detecco
Injecao:

Separagiio de esterdides

50x 3 mm NUCLEOSHELL AP 18, 27 ym %
A} acetontria, By dgun iy Py

30-80% A.em 1 min (0.4 min 80% A) =, -
T o

350 bar *ﬁ?‘i‘

25°C
UV, 240 nm
1 1L, 1 mgimL para cada components no ehusrie

hn Aggt N 120800

néis
Colunas: 100 x 4.6 mm NUCLEOSHELL PFP, 27 ym Pentafluorfenil
3 % 7.230d00n0l
8. 2.4-Dickorolencl
9.3 4-Dicorofonl
10.2,4-Dibromotenol
4 11.35-Dibromolenol
s
Jo e s
= Polar interactions (hydrogen bonds)
* Dipole-dipole interactions
= n-n interactions.
= Hydrophobic interactions

Otimizagdo do Método de Separagdo

1,0

Y

0
uran/H,O

MANTER POLARIDADE

MUDANCGA SELETIVIDADE (MeOH:H,0 70:30 v/v)

* dc=¢b xSb/Sc

* ¢ c: fragdo em volume do novo solvente

* ¢ b:fragdo em volume do solvente inicial
« Sb: Fator forga peso do solvente B

« Sc: Fator forga do solvene C

« dan=0,76x2,6/3,2=0,617
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Ry
Tomgo i)

15% ACN, ]

20% MO 13% oit

11% THF ¢

T w s
Tenpo ()

Tompo (i)

20% MOH
16% THF

30% ACN

15% ACN
1% THF

e

Tenpo i)

40% MOH

Triangulo de seletividade

B

Otimizagdo com a combinacdo de solventes orgdnicos

Acetonirio

30 % de ACN
(6) 10 % ACN, 13 % 70 % de H,0
MeOH e 11 % THF,
66 % H,0c

]
Time (i)

W Osssessreess

]
Time (i)

40 % MeOH B o
60 % H,0c

E3
“Tima (i)

Methant ety Tevanysrouwan 32 % THF

ime (i) 68 % H,0c

wrv Eicosanoides*
TSt - B I
= £ (a) Acetonitrila/agua +
SER03 !‘ 0,5 % 4c. formico
» |
wweey | ] { 50-65%B-40 min
20m3 | (T
I 10| I 65-100% B - 80 min
(A) 20c0 80.00 100.00min]
(b) Metanol/agua + 0,5
% ac. formico
70-75% -5 min
2

75-85 % - 80 min
oL 85-100% - 20 min

METANOL X ACETONITRILA

*ac. Aracnoide — acido graxo essencial

100.00(min]

UV Absorbance @14nm)

Fig. 5. the RPC of
porcine growth hormone. Column: Bakerbond (J. T. Baker) RP-C4, 25 cm x 4.6 mm
id, 5 um particle size, 30 nm pore size. Conditions, linear gradient from 0-90%
2-propanol (top), acetonitrile (middle) or methanol (bottom) with 0.1%TFA over
60 min, flow rate of 1 mL/min, 25°C. (Reproduced from ref. I by permission of
Academic.)

CN: seletividade alternativa

C18: aumento da retencdo

liN—

FTTT TR T T nneEnh

C4: redugio da retencao

1 I

Fenil: seletividade alternativa

e

U\.

O R T

Separagdo de varios farmacos usando colunas de diferentes seletividades. Colunas:
250 mm x 4,6 mm, 5 pm, fase movel metanol-tampao fosfato pH 6,0, fluxo:
1,0 mL/min. Picos: 1. norefedrina, 2. nortriptilina, 3. tolueno, 4. imipramina, 5.

amitriptilina.

MAIOR COMPRIMENTO DA CADEIA ALQUilica — MAIOR k
(k - C3 e C,¢ ndo significativo, mais estdveis)

] c p
& 14 \YE
hidrofébica
3
1|
7
—
— T T T
[o] a4 o a4 8 12 min

METANOL:AGUA (60:40 v/v)

1-acetona, 2-p-metoxifenol, 3-fenol, 4-m-cresol, 5-3,5 xilenol, 6- anisol, 7-fenilfenol

22



CROMATOGRAFIA LIQUIDA COM
SUPRESSAO IONICA

-EXTENSAO CLRP
-COMPOSTOS IONIZAVEIS

CROMATOGRAFIA LIQUIDA EM FASE REVERSA -
ANALITOS IONIZAVEIS

+ SUPRESSAO DA IONIZACAO
+ ADICAO SOLUCAO TAMPAO A FASE MOVEL -5 a 25

mM (capacidade tamponante — solubilidade em solventes organicos)
+ ANALITOS ACIDOS FRACOS OU BASES FRACAS pKa
=2a8
* SOLUCAO TAMPAO pH 3-8
« FASE MOVEL pH > 8 — SIiLICA SOLUVEL

* Composto nao ionizado ou parcialmente ionizado -
retengcdo em FR

Hidrdlise da ligacdo siloxano da silica (fase

reversa), em pH abaixo de 2 » e ESTABILIDADE DA
3 r
€M P » FASE ESTACIONARIA
20 " 7
15 ‘ ’
© " I -Meio alcalino ataca
NN Lo Yielo aica ino atac;
o _ADJL_u_J || silanois — dissolugdo da
. TTE s s 1 11 P
o-si-cis 2 <pH < 8 estavel U silica
i o -Degradagdo da fase
i P R
pH>8 i defmentnd estacionaria
OH H40' H .
i Silica solavel : '
4
2 l N
0-8i-c18 o L JVUL /‘\J \\A
0 2 4 6 8 1 1 1*
@ Tempo de retengdo, minutos
Sllica
Teste de estabilidade da fase estaciondria Phenomenex Luna C18
(2)(19% de carbono): Fase movel: 45:55 (v/v) acetonitrila-fosfato de potdssio
(pH10; 20 mmol/L). Vazdo: 1,0 mL/min. Temperatura: 30 °C. Solutos: 1 =
labetolol; 2 = atenolol; 3 = acebutolol; 4 = metoprolol; 5 = oxprenolol; 6 =
quinidina; 7 = lidocaina; 8 = alprenolol; 9= propranolol.
. =7 eamm Capacidade
Conditions 3
Mobile phase 50% ACN:50% H,0 = tamponante —
with 0.2% TEA s Do 25 mM
(~pH 1Y) ) 60.0 mM m
0.25.
Initial After 30 injections 005
L 20 % Time 6] Towo

Figure 50. The effect of operating a silica column at high pH

Efeito da concentragdo da solugéo tampao na separagao de
propanolol. Coluna em fase reversa X terra — C18, fase movel
metanol: tampéo succinato, pH 5,61 (40:60 v/v).
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CROMATOGRAFIA LIQUIDA EM FASE REVERSA -

ANALITOS IONIZAVEIS

COMPOSTOS ACIDOS

~TAMPAO ACETATO OU FOSFATO

- acido acético ou fosférico pH 2-5 (pH = pKa-1,0)
COMPOSTOS BASICOS ~-TAMPAO FOSFATOS ALCALINOS

- NH,OH, trietilamina, dibutilamina—pH 7-8  (pH = pKa + 1,0)

* Mudangas de retengdo pKa + 1,0

Equacio de Henderson-Hasselbalch

¢ 5-10 mmol/L

pH = pKa + log [A]/ [HA]

* HA (=4 A +H*
e B+H* == BH*

pH=pKa+log 1/10
pH=pKa-1

¢ Hidrofébica
* Maiorretengdo em FR

Hidrofilica
Menor retengdo em FR

Table 1. Properties of Common Buffers

Common Buffers K, Useful pH Range
Phosphate  pK, 21 1.1-31
K, 7.2 6.2:8.2
PK; 12.3 113133
Citrate K, 31 21-41
PK, 47 3757
K, 54 44-6.4
Formate 38 2848
Acetate 48 3858
Tis 83 7393
Ammonia 92 82102
Borate 9.2 8.2-10.2
Diethylamine 105 95115

buftfer pH range LC-MS compatible
phosphate (pKj) 1.1-3.1 X
phosphate (pK;) 62-82 X
phosphate (pK3) i3 N3'3 X
acetate' 38-58 YES
citrate (pK) 2.1-4.1 X
citrate (pKjy) 3.7-57 X
citrate (pK3) 44-64 X
trifluoroacetic acid (0.1%) 2.0 YES
phosphoric acid (0.1%) 2.0 X
formic acid (0.1%) 2574 YES
ammonium formate 2.7-47 YES
ammonium bicarbonate 6.6 - 8.6 YES
borate 8.3-10.3 YES

suitable for LC-MS as ammonium acetate

LC-MS interface — vaporizar a fase mével

Solubility of Potassium Phosphate, pH 7.0, in Common

HPLC Solvents

%8B MeOH ACN THF
50° >50 mM >50 mM 25 mM
60 >50 45 15
70 35 20 10
80 5 5 <5
90 5 0 0

with (a) methanol, (b) acetonitrile,
Wy and (c) tetrahydrofuran,

3 where — represents ammonium
acetate at pH 5.0, *e** represents

P

atpH 3.0, --- represents potassium

ammonium phosphate
atpH 7.0, and — — represents
potassium phosphate at pH 7.0.

Wi Solubility of five buffers in mixtures

Solubility of Various Buffers in Acetonitrile

phosphate at pH 3.0, —s=— represents

solubility of cations in water
(NH, > K* > Na").

%B i P P
acetate phosph phosph phosph phosph
pH 5.0 pH 3.0 pH 3.0 pH 7.0 pH 7.0
60° >50 mM >50 mM >50 mM 50 mM 45 mM
70 >50 >50 >50 25} 20
80 >50 35 20 5 0
90 25 5 0 0

24



0. Todos o

o

% de metanol na fase movel 0% 20% 0% 0% 0% 805
H,PO,-H.PO, 21 263 309 335 o8 a3
H.PO, -HPO, 720 755 504 836 875 958
H,Cit-H,Cit 33 344 384 407 430 am
H,Cit-Cit 476 s 53 58 610 664
HCi-Cit 640 68 739 766 796 360
HAG-Ac 476 505 543 566 592 646
NH.NH 924 911 897 589 882 363
% de acetonitila na fase movel 0% 20% 05 50% 0% 805
H,PO,-H.P0, 20 228 255 254

H.PO-HPO, 72 748 766 801

H,Cit-H.Cit a3 315 343 364

H.Cit-Ci 476 an 465 so1

HCiE-Cit 64 655 684 228

HAG-Ac 476 539 58 647

NH,NH 924 979 939 925

H,C0,-HCO, 396 44 487

Pipe 526 519 506

Piper 976 962 953 942

Tris 808 794 785 w2

Borato 023 935 1043 100

HCO €O, 1035 1052 131 162

pKa Values of Bases in Methanol-Water
and Acetonitrile-Water

Compound Water 20% MeOH 30% MeOH 40% MeOH 60% MeOH 70% MeOH
Nortriptyline 10.2 10.0 9.8 9.7 9.4 93
Diphenhydramine 9.2 9.0 8.9 8.8 85 82
Codeine 8.2 8.1 79 78 76 ND
Procainamide 93 92 9.1 8.9 8.7 85
Benzylamine 9.5 9.3 9.2 9.2 9.0 8.9
Protriptyline 10.7 10.4 10.3 102 9.9 9.7
Amitriptyline 93 9.3 9.1 8.9 85 83
Compound Water 20% ACN 40% ACN 60% ACN
Nortriptyline 10.2 10.1 9.9 9.7
Diphenhydramine 92 9.2 8.9 8.7
Codeine 82 8.1 78 75
Procainamide 9.3 9.3 9.2 9.0
Benzylamine 9.5 9.4 9.1 8.8

ND = not determined.

Relacio tedrica entre o
fator de retencio (k) e
o pH da fase movel

F Escala de pH para suportes poliméricos

| Escala de pH para suportes com sllicg
B »> /' Bases
fracas

/Substancias’,
/ anféteras ' |

Retention vs. pH for a hypothetical acid (a) and base (b).

retention
retention

bases, ionizaveis, e compostos idnicos ~ Suce Stanel Equiibdum

Silanol su
Chemical

i 8

100

PH=pKa-10) o= .05 o
rface =8 pmol/m? - S|'\ -~ S|I\
modification > 4 pmol/m?

% Non-onised % lonised

pH 2,5 amfetar

pH7,0 - amfetamina - pico /’
mina - pico 7.

‘ Separagdo de bases fracas

N Interagdo de
aminas
Tt (trietilamina)
" L
ELNH com grupos

silandis livres
na superficie
da coluna C8

]
+Z, =
= EL,NH
0. 'ro 0. 0. ?‘ f’
0 .
NN N \Si)\s./"\s( Reduzir
%
cauda de
compostos
Alternativa: colunas silica mais pura basicos

menos acida, colunas capeadas,
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benaylamines Q/\m; @’\m« [:)/\,.4__

N,N-dimethylbenzylamine (1) N-meshylbenzylamine (2} benzy lamine (3)

H Y ] H ™ 2 i [] s mn

Cromatogramas Benzilaminas com a Coluna Diol. Fase Movel - hexano:metanol (80:20).

Condices: a) Sem ativo, b)Trietilamilna (TEA) ¢) lamnina (DEA), d) N-propilamina
(NPA). Adicéio da n-propilamina proporcionou o melhor cromatrograma (0,1%)

45 Tailing Factor (Amphet

TEA Conc. (mM)  Tailing Factor

Tailing Factor

05 5 10 15_20 25 a0 3 40 4
TEA Conc. mh

Excellent | Acceptable | Unacceptable | Awful
As=10-105 | As=12 As=2 As=4

=
7

F T T T T
00 10 20
Time (min)

35 10
TEA Conc. (mh)

TRATAMENTO DA SILICA

Resposta do deector ——

CAPEAMENTO - silandis residuais (picos largos e assimétricos) -
desativados COMPOSTOS BASICOS

‘ GRUPOS SILANOIS ACIDOS
(FRACO) RESIDUAIS

i REACOES

. ORGANOCLOROSILANO

' TRIMETILCLOROS (6]

Agente sililante mais reativo e

o menos volumoso — reacio de

capeamento

| Bloqueio ndo completo —

\ grupos silandis
Recomendavel — CLPI

mogeT

U TN
EmpEs

e e

magct
C

—
—

Picos assimétricos: tr e drea
(baixa reprodutibilidade)

trimethylchlorosilane ou
dichlorodimethylsilane

trimethylsilyl

Contents of Energy Drinks

Columm LCH0CART® 15046
Purospher ©STAR RP-18 endcapped, 5 um
Mohile phase A: Acetanitrile

B:0.02 M Phosghate buffer pk 5.0
Omin 15% A, 3 min 15% A, 10 min 30 % A

How rate 10 mifmin
. 1 Detection W 227 nm
8 2 5 = 12 Femperature 30°C
Inj. Velume 10 4l
Sample 1. Acesulfame—K 23 palml
2. Saccharin 29 pg/ml
3. Benzoic acid 13 pg/mi
4. Sorbie acd 14 g/l
5. Caffeine 47 pg/ml
6. Aspartame 100 pg/ml
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ANALISE DE ANTICONVULSIVANTES EM AMOSTRAS DE
PLASMA DE PACIENTES

ANALISE DE ANTIDEPRESSIVOS EM AMOSTRAS DE
PLASMA DE PACIENTES

1: PEMA 1: DES
g 2:PB . 2: NOR
= 3: PRM
X 4:LTG 3: IMI
E 5: MPRM 4: AMI
13 3 T T 13 T 13 6: CBZ-E
tempo (min) 7: PHT — pKa = 8,3 tempo (uin) 5: CLO
8: CBZ
solugao tampao fosfato de potassio (0,01 tampio acetato de sédio (0,01 mol. L, pH 5,4)
mol. L', pH 7,5) — acetonitrila — metanol (65: acetonitrila (50: 50 viv)
18:17 viviv) QUEIROZ, MEC et al. 2002 QUEIROZ, MEC et al. 2002
CROMATOGRAFIA LIQUIDA COM SUPRESSAO IONICA e Coluna XTerra MS CI8
5 pH2S pHS (150x 3,9; 5 um).

1 P
5
l 4

metanol:tampdo fosfato 20

Column: Discovery HS C18, 5¢m x 4.6mm ID, 3um particles 6 mmol/L.
Mobile Phase:  (A) 20mi ootassium ghosphate, pH 2.8; (B) acetonitrle 6
Flow Rate:  1.0mL/min JJI—JL _JLJUL__JL. -
it ioboinliid 0 4 8 12162 24 28 0 4 8 12 . paracetamol pKa = 10
Delecign. [OV;2205ea Tempo, minutos Tempo, minutos | (neutro)
Injection:  20uL 1. Alprenclol
7 Hydmentisane H106 2. lidocaina pKa = 7,8
Min__ %A %B s 3. Diphenydramre pH 8 |‘5 P10
0 6 35 4. Naligixic acid ' : —
5 6 % GRS 2 | 3. Doxepina pKa = 9
12 3% 65 6. Naproxen i i
1535 65 7. Iouprofon 8 3 2 55 4. Imipramina pKa = 9,4
20 35 65 4 4 M 4
e ) 2 7~ 5. NortriptilinapKa = 9,7
I ‘H’\ | 0 4 8 12 16 20 0 10[20 3 4 5
i J Tempo, minutos empo, minutos 6. ibuprofeno pKa=4,5
0 -4 4 6 8 1‘U 12 14 16 18
Time (min)
, gﬁ Peak identification
1. Acetaminophen
I U 2. Caffeine
Il ‘ 3. Acetylsalicylic acid
pH27 ‘M 2 I\ s 4. unknown
)\ A | S
e = Conditions ,
‘ s T s CROMATOGRAFIA LIQUIDA POR
0 min 35 4.6 x50 mm, 5 pm,
PN 959946-906
1 Gradient 10-60% B/3 min A
: ) M K0T meas PAR IONICO
' 2 min. B:0.1% FAin ACN
pH10 \‘\ \‘\ £ PHT.0— A20mM Na
R Y B phosphate adjusted to
‘ ‘ pH 7.0 with phosphoric
0 min 35 ;”:EN
Figure 51. Selectivity differences at pH 2 and pH 7 can be dramatic Sample: ‘generic Excedrin AN AL|TOS |ON|COS

tablet’
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FASE REVERSA - CROMATOGRAFIA DE PAR
1I0NICO

* REAGENTE PAR IONICO - LIPOF{LICO COM
CARGA OPOSTA ANALITO

* lonizado — ampla faixa pH fase mével
* Lipofilico —adsorg¢do FR

* ANALITO ANIONICO - TETRAALQUILAMONIO
» ANALITO CATIONICO — ACIDO ALQUILSULFONICOS
* PARIONICO NEUTRO

Ion Pair Chromatography

Adjust pH to fully ionize analyte

Add 1on pair former of opposite charge in
mobile phase
— acids (anions): tetraalkyl ammonium salt

— bases (cations): alkyl sulfonic acids

Use standard reversed phase column

Atracao eletrostatica e hidrofdébica

lipofilico
CECEE P

nen REAGENTE PAR IONICO

(GE . soLuToANIONICO

Fase Movel — mistura de solvente organico e agua, com acido,
base ou solugdo tampao — pH —promover ionizagdo analito

*MECANISMO DE SEPARACAO

*PAR IONICO - F. MOVEL - DISTRIBUICAO
ENTRE AS FASES

MECANISMO DE SEPARACAO
CROMATOGRAFIA DE PAR IONICO

[ 1 () @sorL)
\ /
s e e

REAGENTE PaR 10N1co (I . soLuTO ANIONICO

Muito lipofilico — equilibrio com a fase estacionaria —
revestimento — fortemente ligado

Removido do eluente — permite uso subseqiiente

CLFR — PAR IONICO
analitos ionizados

+ ANIONS - 4cidos fortes ou fracos

* tetraalquilamonio

* [Cy4H,g (CH3)3N] cetiltrimetilaménio
* Tamponar fase moével pH 7,5

+ CATIONS — bases fortes e fracas
* Acidos alquilsulfonicos

* HyC-(CH,),—SO; Na* n=4a9
* Tamponar fase moével pH 3,5

Reagente Par idnico adicionado na fase
movel

* Analitos neutros — ndo altera retencao
* fons - mesma carga idnica RPI — diminui
retencdo

* fons - carga idnica oposta RPI — aumenta a
retencdo
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o Soluto: cloridrato de
piroxina
OH
HO =
g Reagente PI:
CHy hexassulfonato de
interagéo sédio
eletrostatica
CgHiuSO;  CeHigSO7  CiH,,S05 Coluna: C18
interagao
Van der Waals

OCgH;s OCgHyg OCgH,s

—S8i —0—Si— 0—Si—O0

—Si—0—Si—0—Si—0

MECANISMOS DE RETENGAO

* fons (analito) - carga i6nica oposta RPI —
aumenta a reten¢do — aumenta concentragdo

RPI (FM)

fons (analito) - carga i6nica oposta RPI —
aumenta a reten¢do — RPI mais lipofilico
Retencdo de todos analitos diminui - %
modificador organico aumenta, menor
concentra¢do RPl na FM

Effect of Organic Modifier

Ion Pair Reagent Chain Length

Pentane SQ- Hexane SO Heptane SQ-
s

Ismum: 1 - Malelc acld, 2 - phenylephrine, 3 - phenylpropanolamine, |
4- 5 - 6 -

ok Catecholamines,
Organic Modifier w|.. \ .... 3-O-Methy! derivs.,
MA \ Acid precursors
0DS Column b LI )
Water- Acetonitrile ” NA \
o 2
0.2% Sulphuric Acid u N
0.1% Sodium Lauryl NA H REER TSR]
Suphate SN Sy, TR [
G C18: 50:50 MethanolWater; 0.005 M SO; , 1% Acetic Acid
0 ) F) 1. Maleic Acid, 2. ine, 3. ine, 4. ine, 5.
Percent Acetonitrile Phenacetin, 6. Pyrilamine.
Waters Associates (1992).
J.H. Knox, etal., J. Chromatogr... 125 (1976) 89-101
Column: Column:
uBondapak C18 uBondapak C18 At v
Moblle_Phase: Mobile Phase: had:
water with & mM| Methanol/water with 5 mM i ophbete
ulfonic acid and heptane sulfonic acid and Mobocie
c_acid (50/50) 1% acetic_acid_(50/50) o
oo
B omaybonnt
a C prmatybonnt
2 5 a8
1
3 Q5 (1-pentylriethyl-
‘ammonivm phosphae]
o
= "
| s Q6 (Thexyliethyk
Column: Rexchrom ODS ammonium phosphate]
3 15 cm x 4.6 mm id, fully endcapped
. Mobile Phase: ~ (60/40) woter/methonol Q7 (Theptyltriethyl-
' | +0.005 M GSaries ammonium phosphate]
“ Flow Rate: 0.6 ml/min
l 5 Figure 4. In a mixture of ionic and nonionic compounds, first separate the  O8 {l-ochliethyt
8 9 i foni ionic compounds, first sep ‘ammonium phosphate]
E \ nonionic compounds from each other (See above). Then choose the ion pair
\ reagent that refains the ionic compounds as desired. Here, Q6 seems to be Q12 (1-dodecyltriethyl-
the reagent of choice since all peaks are visibly separated. ammoniom phosphote]
v n
0 5 10
I I B TIME (min)
TIME (min)
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AU

AU oo

® Separagdo de
carboxilicos

1 = p-hidroxibenzoato
2 = acetilsalicilato

3 = benzoato

Tempo (nin)

Tempo (nin)

4 = salicilato,

) 5=4,3,5 — dinitrobenzoato

6 = 4-nitrobenzoato

(a) 40 % metanol e 60%
tampdo fosfato 0,05 mol/L pH

6,0.

(b) 40 % metanol e 60% tampao
fosfato 0,05 mol/L pH 6,0 e
0,03 mol/L tetrabutilamonio.

(A) Sem par i6nico; (B) TetraEtilAmonio; (C) TButilA; (D) THEXxilA; (E)
Dodecil TrimetilA. 60mM tampao fosfato-NaOH (pH 7.0) 5mM reagente par

ionico 5% acetonitrila.

=1
E
> I > > >
£ Bl |2 E E E
S = 2 3
B g g g
I S S 5
g H §
£ g ]
T g g
2 g || g g a
\
— §
= = g © ® 3 ° = gy © @ g © 2

1- Adrenaline

4 Tryptamine 3

|

00 20 40 60 80 100 120 10 160 150200 20 230
Time
Figure 4. Mixture of biogenic amines resclved by IPC

Columns: ~ Discovery™ C18 Column (250 x 4,0 mm) ID,
5 pm (Cat. No 04971-40)
Eluent: acetonitrile: heptanesulfonic acid buffer pH 2.4;

Buffer concentration: 0,005 M heptanesulfonic acid sodium salt
(Cat. No 51832) + 0,01 M phosphoric acid (Cat.
1o 79606)
Weigh-in: - 2mgin 10 ml
acetonitrile/phosphoric acid (0.01 M) 1:9
Acetonitrile gradient: t=0 min : 6%, t=5 min : 6%,
t=18 min : 25%
Flow: 1.5 mi/min
Detection: 220 nm
Injection volume: 20 i
Temperature: ambient
Detector: UV 1000
Pump: P 4000

SSUPELCO

00 20 40 B0 B0 100 20140 130180 200 220 250

Figure 5. Mixture cf nucleotides resolved oy IPC

Column: Discovery™ C16 Colurni (250 % 4. 11 1D, 5 pin
(Cat. Nc 504971-40)

Eluent: acetonitrile: tatrabutylammonium buffer pH 7 0

Gradient Buffer tyl

hydrogensulfzte (Cat No F6R53)

- C.01 M NaHFO,*12k,C (Cat. No 71649)
Weighin: ~ ~ 4rmg in 10 ml acetontrike / water 7:9
Acetonitrile gradient: 1=0: 10%; L=4 win 10%; 1=14 it 25%

Flow: 5 mrl/min
Detection: 254 rm
Injection volume: 20 I
Temperature:  ambicnt
Detector: UV 1000

Pump: P 4000 SSUPELCO
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