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xAy+(aq) + yBx-(aq)        AxBy(s) 
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Metal chlorides – hydrated or anhydrous: 
 

   Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+ 
Fe3+ 

The reference reaction:  co-precipitation in aqueous medium 
 

M2+  +  2 Fe3+  +  8 OH-         [M(OH)2+2Fe(OH)3] 
 
 

                                              MFe2O4 

- 4 H2O 
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diethylene glycol:   = 32;  b.p. 245oC 
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Reagents:  MCl2 + 2 FeCl3 + 8 NaOH 



a)  Formation of metal chelate alkoxide complexes 
       in parent alcohol solutions 
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b)  Nucleation and growth of the nanoparticles 
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TEM  Image  For  FeFe2O4 
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 TEM triethylborohydride
 trioctylphosphene 
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20 kHz sonochemical processor 

Fe3O4 nanorods prepared 
sonchemically in aqueous solution 
containing iron (II) acetate and b-
cyclodextrin (TEM) 



 

 
 H2O     H 0   +    OH 0 

 H 0   +    H 0              H2 

 OH 0   +    OH 0          H2O2 

 Fe(CH3COO)2       Fe2+   + 2CH3COO- 

 Fe2+   + H2O2          Fe3+   +    OH-   
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Fe2O3 

  Fe3O4 

Co3O4 

  NiO 

CoFe2O4 
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•cetyltrimethylammonium bromide (CTAB) 
• sodium dodecylsulphate (SDS)  
•polyethoxylates (Igepal, Brij, Tween, C12E5) 

(Mn,Zn)Fe2O4, (Ni,Zn)Fe2O4, ZnFe2O4, and 
BaFe12O19                       

5 and 50 nm 
spheroidal morphology 
typical size variations of 10%, 



TEM of KMnF3 nanoparticles 
synthesised using reverse 
micelles 
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*ACA: 1-adamentanecarboxylic acid; DSA: dodecylsulphonic acid; HPS: hyper-cross-linked polystyrene; LDH: layered double hydride; mt-fcc: multi-twinned face centred cubic; OPA: 
octylphosphonic acid; OTS: octadecyltrichlorosilane; PPO: poly(dimethylphenylene oxide); PS: polystyrene; PVA: polyvinyl alcohol; PVP: polyvinylpyrrolidone; RE: rare earth; SDS: 
sodium dodecylsulphate; TOPO: trioctylphospheneoxide; UDA: 10-undecanoic acid. 
{EC: electrochemical; ED: electrodeposition; H: hydrothermal; HR: hydride reduction; PPC: precipitation; M: micellar or microemulsion; MSP: multisynthesis processing; P: polyol; S: 
sonolysis; SG: sol–gel; T(CO): thermolosis – carbonyl decomposition; T(OM): thermolosis – organometallic; UV: photolysis.  
{AA: atomic absorption spectroscopy; ACPerm: alternating current permeametry; ACSus: alternating current susceptometry; AES: Auger electron spectroscopy; AFM: atomic force 
microscopy; AGM: alternating gradient magnetometry; BET: Brunauer–Emmett–Teller (a method of measuring surface area); CHN: carbon–hydrogen–nitrogen analysis; CV: cyclic 
voltammery; DLS: dynamic light scattering; DRS: diffuse reflectance spectroscopy; DSC: differential scanning calorimetry; DCSus: direct current susceptometry; DTA: differential thermal 
analysis; EDAX: energy dispersive analysis of X-rays; EDX/ EDS: energy dispersive X-ray spectroscopy; EELS: electron energy loss spectroscopy; EPR: electron paramagnetic resonance; 
ESR: electron spin resonance; EXAFS: X-ray absorption fine structure (spectroscopy); FB: Faraday balance; FMR: ferromagnetic resonance; FTIR: Fourier transform infrared spectroscopy; 
GPC: gas phase chromatography; HRTEM: high resolution transmission electron microscopy; ICP: inductively coupled plasma; IR: infrared spectroscopy; MFM: magnetic force 
microscopy; MS: Mo¨ssbauer effect spectroscopy; ND: neutron diffraction; NMR: nuclear magnetic resonance; PCS: photon correlation spectroscopy; PEELS: parallel electron energy loss 
spectroscopy; RBS: Rutherford back-scattering spectroscopy; SAD: selected area electron diffraction; SANS: small angle neutron spectroscopy; SAXS: small angle X-ray spectroscopy; 
SEM: scanning electron microscopy; SQUID: superconducting quantum interference device magnetometry; STM: scanning tunneling microscopy; TMA: thermal mass analysis; TEM: 
transmission electron microscopy; TGA: thermal gravimetric analysis; TPD: temperature programmed desorption; TPR: temperature programmed reduction; UVVis: ultraviolet-visible 
spectroscopy; UV-NIR: ultraviolet-near infrared spectroscopy; VSM: vibrating sample magnetometry; WAXS: wide angle X-ray spectroscopy; XANES: X-ray absorption near edge 
spectroscopy; XRF: X-ray fluorescence; XPS: X-ray photoelectron spectroscopy; XRD: X-ray diffraction. 
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polyol method 

 The polyol method, in which the polyol acts as solvent, 
reducing agent, and surfactant, is a suitable method for 
preparing nanophase and micrometre size particles with 
well defined shapes and controlled particle sizes 

 By this method, precursor compounds such as oxides, 
nitrates, and acetates are either dissolved or suspended in a 
diol, such as ethylene glycol or diethylene glycol. The 
reaction mixture is then heated to reflux between 180 and 
1990C. During the reaction, the metal precursors become 
solubilised in the diol, form an intermediate, and then are 
reduced to form metal nuclei, which form metal particles. 
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polyol method 
 Nanocrystalline powders such as Fe, Co, Ni, Cu, Ru, 

Rh, Pd, Ag, Sn, Re, W, Pt, Au, (Fe,Cu), (Co,Cu), 
(Co,Ni), and (Ni,Cu) were also synthesised using 
different salt precursors by this method 

 For example, nanostructured powders of CoxCu100-x 
were synthesized by reacting cobalt acetate 
tetrahydrate and copper acetate hydrate in various 
proportions in ethylene glycol. The mixtures were 
refluxed at 180–1900C for 2 h, the powders precipitated 
out of solution, and were subsequently collected and 
dried 
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polyol method 
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Fe48Co52 nanoparticles prepared by a polyol 
method (SEM) 



Multisynthesis processing methods 
 
 One of the greatest advantages of chemical routes is 

that they are carried out in solution. This allows a great 
deal of versatility and compatibility. Since many of the 
chemical routes use similar solvent systems, they may 
be interchanged for one another or carried out 
concurrently. Therefore, combining one or more 
techniques is relatively simple 
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