
GAMA проект –
БЪЛГАРО-ИСПАНСКО
сътрудничество за 
развитие на зелени 
аналитични методи 

В. Кметов, В. Стефанова, Д. Георгиева, К. 
Симитчиев, С. Начкова, С. Тенев, 
Е. Върбанова, Л. Георгиева, Л. Попов

A. Canals, Н. Ковачев,
I. Roman, M. Angel

Presenter
Presentation Notes
30 Май 2012 г. 
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(Доц. д-р Веселин Кметов, Пловдивски университет „Паисий Хилендарски; проф. Антонио Каналс, Аликантски университет, Испания) 
Вкючването ми като лектор в семинарите АНАЛИТИКА вече стана традиция, за което аз сърдечно благодаря на ТЕАМ и лично Краси Ставрев. Важно е да отбележа, че колегиалното отношение и пантньорство не се промениха дори и след като нашия университет и нашата лаборатория закупихме апаратура и от други производители. 
Благодаря колеги. 
За лекцията този път съм си довел съотборник. Проф. Антонио Каналс от университета в Аликанте.
Проф. Каналс е Доктор хонорис кауза на ПУ и бе удостоен с това почетно звание точно преди един друг много популярен в Испания мъж да се нареди до него и да разбуни духовете у нас,  - Христо Стоичков, но това е друга тема. �С проф. Каналс  ще ви представим научни изследвания, които




J



http://web.uni-plovdiv.bg/kmetov/GAMA/index.htm


Page 2

Prof. Dr. Antonio Canals – DOCTOR HONORIS CAUSA  
на ПУ “П. Хилендарски”



АУ

MW SPE CPE ASDI MNPs 

Atom Economy

Less Hazardous
Chemical

Designing Safer
Chemicals

Energy 
Efficiency

Renewable
Feed stocks

Prevention 

Reduce 
Derivatives

Catalysis

Design for
Degradation

Real-time
analysis

Safer Solvents

Accident 
Prevention

GAMA
DO 02-70

Presenter
Presentation Notes
1990 Средата на 1990 Пол Анастас и Джон Уорнър, разработват 12-те принципа на Зелената химия 


http://web.uni-plovdiv.bg/kmetov/GAMA/index.htm
http://web.uni-plovdiv.bg/kmetov/GAMA/index.htm


Page 4

7700  ICP-MS
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Етилиране с натриев тетраетил борат позволява дериватизацията да бъде извършена във водна среда и най-широко прилаганият метод
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JAAS
Journal of Analytical Atomic Spectrometry
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Синтез на MnFe2O4магнитни нано-частички

Съутаяване на смес от Me2+ йони (Me2+ = 
Mn2+ или Fe2+) и Fe3+ в молно отношение = 
1:2 (0.017 mol L-1 Me2+: 0.034 mol L-1 Fe3+ в  
основна среда - NaOH внесена “наведнъж” 
в приготвения разтвор при 300C и загряване 
до 800C за 3 часа.

Магнитните наночастици се сепарират чрез 
постоянен магнит. Промиват се вода и с 
етанол ~50 mL .

HR-TEM снимки – за MnFe2O4 NPs показват 
две фракции ~2 nm и ~20 nm а тези от 
Fe3O4 – една ~14 nm
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high resolution transmission electron microscopy 
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Твърдофазна микро-екстракция с МНЧ

ICP-MS
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Валидиране 

Presenter
Presentation Notes
The MnFe2O4 magnetic nanoparticles are promising sorbent for SPE. Fine nanoparticles can be easily synthesized by co-precipitation of the stoichiometric mixture of metal ions with sodium hydroxide. The stronger magnetic properties of manganese ferrite NPs, in comparison to magnetite, accelerate their separation from the sample solution. Higher stability of manganese ferrite in the acidic media allows increasing the working pH range and alleviates the matrix effect due to the dissolved nanoparticles in the final solution.  
MnFe2O4 is better alternative for solid phase extraction of APDC complexes of V, Co, Ni, Cu, Zn, As, Se, Cd and Pb than the commonly used Fe3O4. The combined magnetic NPs-SPE-ICP-MS method proved to be effective for determination of target analytes in urine samples. 
The preliminary sample treatment with a mixture HNO3+H2O2 was a prerequisite for accurate determination of As and Se, but at the expense of worsening of MLOD. The method limits of detection were limited by the blank sample, but nevertheless they were better than those for direct urine analysis with factors in the range 7-20.
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• MnFe2O4 NPs притежават по-силни магнитни свойства 

и са по-ефективни при магнитно задържане (колекция).

• Те са по-стабилни в кисела среда и позволяват работа 

при по-ниско рН

• Показват по-слаба разтворимост при киселинното 

елуиране на аналитите и пробните разтвори са с по-лека 

матрица.

• Имат по добри качества за промиване и повторно 

използване 

Предимства на MNPs-SPE с MnFe2O4
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Магнетит 
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ICP- какво ново ?

Проблемът е в BL, а не в DL
Ще има прогрес в системите 
за пробовъвеждане

Ще се върви към 
миниатюризация на апаратите

Ще се развиват “hyphenated”
техниките

Presenter
Presentation Notes
Mr Stephen Wilbur: Biography��Mr Wilbur is currently responsible for worldwide environmental marketing of ICP-MS products for Agilent Technologies Chemical Analysis Solutions group.�
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LB – DIHEN, Meinhard Inc.
Недялка Р. Чолакова

Vulkan, Glass‐Expansion

FFDIN, Ingeniatrics

EFFDIN, Ingeniatrics

Охарактеризиране на пулверизатори 
за директно въвеждане на водни и 

етанолни аерозоли в ICP

Phase Doppler Particle Analyzer

Presenter
Presentation Notes
LB-DIHEN е пневматичен микропулверизатор. Той има по-дълго основно тяло от HEN и по-широк отвор от DIHEN, заради което наречен Large Bore. 
Vulkan по дизайн е подобен на LB-DIHEN, като основното му тяло е със приблизително същите размери, а разликата е в мястото, където завършва капилярата. При Vulkan тя отстоява малко от края на отвора на пулверизатора и завършва във поддържащата тръба .
FFDIN е прототип на пулверизатор разработван в групата на Антонио Каналс. След неколкократни подобрения в дизайна, сега той представлява едно основно тяло изработено от тефлон и изходящ отвор за аерозола – платинова капиляра. Пулверизаторът работи на принципа наречен „ capillary flow focusing effect ”.
ЕFFDIN представлява модифициран FFDIN пригоден за методики с приложение на електрофореза. Пробата се подава от резервоар посредством външно налягане, поддържано от аргон, като по този начин се избягват пулсациите от перисталтичните помпи. 

Системата за директно въвеждане на проба е способна да даде високи чувствителности при много ниски обемни скорости на въвеждане на пробата

 Пулверизаторите тип FFDIN все още се нуждаят от подобрения на дизайна 

 Необходимо е да се обмислят възможни решения за да се намалят преченията идващи от органичната матрица (спектрални и транспортни)
 



Flow-Blurrring

Flow-Blurring Multiple Nebulizer FBMN

Ефективност на пренос при различни типове 
пулверизатори за въвеждане на водни и органични 

разтвори в  ICP‐OES

Елисавета Ганчева 

Presenter
Presentation Notes
В допълнение на гореспоменатите характеристики на FF и FB пулверизаторитесе предлага прототип,който комбинира  няколко пулверизиращи дюзи в едно тяло
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OneNeb®: A new generation 
of (micro)nebulizer for 

elemental analysis
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Montserrat Hidalgo Núñez, Alfonso M. Gañán Calvo and Antonio Canals Hernández
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ICP - based spectrometry

ICP spectrometry:

- Wide element coverage 
- Excellent detection limits
- High precision

ICP-OES ICP-MS

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria



Sample introduction in ICP - based spectrometry

The “ideal” primary aerosol:

☺ Small and monodisperse drop size

☺ “Low” and uniform velocity

Conventional  nebulizers drawbacks:

/ Produce polydisperse 
aerosols – both in size and velocity

/ Large sample uptakes are needed to 
achieve  sufficient aerosol transport to the 
ICP

Sample Ar

ICP

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria



ICP - based spectrometry

Some enhanced nebulizer designs:

- High efficiency nebulizer (HEN)

- Microconcentric nebulizer (MCN)

- Hydraulic high pressure 
pneumatic nebulizers (HHPN) 

- Single-bore high-pressure 
pneumatic nebulizer (SBHPPN)  

- Oscillating capillary nebulizer (OCN)

- Sonic-spray nebulizer (SSN) 

- Direct injection nebulizers (DIN) 

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria



Flow Focusing® nebulization principle

Gas flow

Liquid flow

Ro

H

D

dj
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Ro: Feeding tube radius

H: Feeding tube-exit orifice distance

L: Plate thickness

D: Exit orifice diameter
dj: Jet diameter at the exit hole
d: Droplet diameter

Schematic representation of Flow Focusing ® liquid breakup

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria



Flow Focusing® nebulization principle
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B. Almagro, A.M. Gañán-Calvo, M. Hidalgo and A. Canals, J. Anal. Atom. Spectrom., 
2006, 21, 770-777

Flow Focusing® based nebulizer
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ICP OES comparison with various conventional nebulizers:

pD50 (µm)

Qg = 0.70 L min-1; Ql = 0.20 mL min-1

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria
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Presentation Notes
A new pneumatic concentric nebulizer (flow focusing pneumatic nebulizer, FFPN) is characterized and compared with five commercially available pneumatic micronebulizers (high efficiency nebulizer (HEN), PFA-micronebulizer (PFA), MicroMist (MM), Ari Mist (AM) and Mira Mist (MiM)) operated in conjunction with the same cyclonic spray chamber. Primary and tertiary aerosols, transport magnitudes (solvent and analyte transport rates) and analytical figures of merit obtained using inductively coupled plasma atomic emission spectroscopy are measured. Under all the conditions studied, all the primary aerosols produced by FFPN are contained in droplets smaller than 15 m. Primary and tertiary aerosols produced by FFPN show very similar characteristics. This is the result of the small filtering action of the cyclonic spray chamber used when the FFPN is used. Under all the conditions studied, the FFPN produces a finer and narrower primary aerosol than the commercial pneumatic micronebulizers. At a solution uptake rate of 0.2 mL min-1 and a nebulizing gas flow rate of 0.7 L min-1 the median diameter (D50) values of the primary aerosols are 21.71 m, 31.75 m, 16.84 m, 13.13 m, 4.92 m and 3.25 m with the PFA, MM, AM, MiM, HEN and FFPN, respectively. The tertiary aerosols do not show a substantial difference, the D50 values, under the same operating conditions stated above, being 3.90 m, 3.91 m, 4.38 m, 4.07 m, 2.95 m and 3.59 m for the PFA, MM, AM, MiM, HEN and FFPN, respectively. For example, under the above experimental conditions, nearly 30%, 20%, 44%, 51%, 100% and 100% of primary aerosol volume is contained in droplets having sizes smaller than the cut-off diameter of the spray chamber used (20 m) for the PFA, MM, AM, MiM, HEN and FFPN, respectively. However, the tertiary aerosol volume contained on droplets smaller than 9 m ranges between 85%–99%. This is a clear consequence of the strong filtering action of the spray chamber when used with the PFA, MM, AM and MiM nebulizers. Solvent and analyte transport rate values obtained with the FFPN are the highest, the analyte transport rate values being 6.4 g min-1, 7.0 g min-1, 5.1 g min-1, 5.9 g min-1, 10.1 g min-1 and 15.8 g min-1 for the PFA, MM, AM, MiM, HEN and FFPN, respectively. In general, working under the same liquid and gas flow rates, sensitivities, precision and limits of detection obtained with the FFPN are similar to those obtained with HEN and better than for PFA, MM, AM and MiM nebulizers.

Fig. 3 shows the relative sensitivity values of all the nebulizers tested. Relative sensitivity is defined as the ratio between the value of sensitivity obtained with one nebulizer and the
value of sensitivity obtained with the FFPN. A relative sensitivity value of one means no difference between both nebulizers. All of them were working under the same conditions
(Qg = 0.7 L min-1 and Ql = 0.2 mL min-1). The sensitivity of FFPN is superior to all the nebulizers tested. The HEN sensitivity is around 70% of FFPN sensitivity for all the lines evaluated. For the other nebulizers the mean relative sensitivity values are 50%, 40% and 40% for the MM, PFA and AM, respectively. The lowest sensitivity was obtained withthe MiM nebulizer, which shows a mean sensitivity ratio of 35%. Since for one nebulizer the relative sensitivity values are similar for all the lines measured, it could be mainly attributed to changes in the analyte transport rate. The sensitivity ratios obtained with AM and MiM nebulizers working as a conventional high flow nebulizer (Ql = 1 mL min-1) are only slightly higher than that obtained with FFPN (Ql = 0.2 mL min-1), although the formers take five times more sample than the latter.
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Flow Focusing® based nebulizer
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Droplet size distribution comparison with various nebulizers:
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Flow Focusing® nebulizer evolution
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Flow Blurring® Nebulization

Condition
H/D < 0.25

Liquid flow

Gas
flow

Aerosol

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis
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Flow Focusing® and Flow Blurring®

↓ H/D

H/D = 1 H/D < 0.25

Flow Focusing® Flow Blurring®

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis
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Flow Focusing® and Flow Blurring®

Flow Focusing® – Flow Blurring®

(b)(a)

FB® Configuration
(H/D < 0.25)

(a) FF® Configuration
(H/D = 1)

(b) FB® Configuration
(H/D < 0.25)

FF® Configuration
(H/D = 1)
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Flow Focusing® and Flow Blurring®

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis
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Flow Blurring® based nebulizer

ICP OES comparison with various micro nebulizers:Droplet size distribution comparison with various nebulizers:

MM
AM
PFA

� FB

pD50 (µm)

Qg = 0.70 L min-1 Ql = 0.20 mL min-1

11.43
16.47
18.58
6.12
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OneNeb® Nebulizer

http://www.oneneb.com
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OneNeb® Nebulizer

http://www.chem.agilent.com/en-US/Products/columns-supplies/instrumentparts/aas/Pages/oneneb.aspx

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis
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Conclusions

Flow Focusing® (FF®) and Flow Blurring® (FB®) nebulization principles:

Very efficient energy transfer from the nebulizing gas to the liquid sample stream
Fine and monodisperse (in the case of FF®) aerosols
High aerosol transport rate through the spray chamber
Simple and robust nebulizer design, no clogging risks

FF® and FB® nebulizers for sample introduction in ICP OES:

- Micronebulizer based on FF® principle
- (Micro)nebulizer based on FB® principle – OneNeb®

- Multiple nebulizer based on FF® and FB® principles
- Dedicated nebulizer for coupling with capillary electrophoresis based on FF® principle

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis

30 June 2012, Sofia, Bulgaria



Thank you for your attention!

OneNeb®: A new generation of (micro)nebulizer for elemental 
analysis
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