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简介

二氧化钛（TiO2
）纳米粒子常

作为防止太阳紫外线伤害的

配方之一用于防晒霜类产品。

随着化妆品中的纳米粒子使

作者：

单颗粒-电感耦合等离子体
质谱法测定防晒霜中
二氧化钛纳米粒子

ICP - Mass Spectrometry

用的增加，人们开始关注纳米粒子对健康和环境的影响。由于防晒霜接触

皮肤并最终以水洗下，二氧化钛纳米粒子得以进入生物体系和环境系统。

因此，需要对防晒霜中纳米颗粒的粒径和粒径分布进行测量，以评估其对

人类健康和环境的影响。



2

长期以来，纳米粒子的粒度表征方法主要有场流分级法

（FFF），动态光散射法，和显微镜等。最近，单颗粒-电感耦

合等离子体质谱法（sp-icp-ms）作为一种能同时测量和表

征纳米粒子的方法越来越受到重视，其优势在于更快的分

析速度和更详尽的分析结果。

本研究开发了一种样品前处理过程简单，以SP-ICP-MS对防

晒霜中二氧化钛纳米粒子进行表征的方法。

实验部分

样品前处理

防晒霜样品购自本地一家商店，标签信息见表1。对于每

个防晒霜样品，称取15mL加入到50mL的容器中，混合3

分钟形成均匀的样品。称取均匀的样品0.2克，加入1%的

Triton-X溶液200mL，超声至无明显聚状物（5-10分钟）。

超声处理后，用去离子水稀释至100,000–200,000颗粒每

毫升。

传输效率的测定以金纳米颗粒 ( 5 0 , 8 0 ,1 0 0 n m , 

nanoComposix, San Diego, California, U.S.A.)进行，标准

溶液以去离子水逐级稀释至100,000颗粒每毫升。所有标

准溶液使用前需超声处理5分钟，以确保团聚的粒子重新

分散。在各种样品中加入一定量的40nm TiO2 (US Research 

Nanomaterials Houston, Texas, U.S.A.)，以验证TiO2
粒径测

量的准确性。

钛校准曲线为2, 5, 10 ppb标准溶液，由1000 mg/L钛标准

溶液(PerkinElmer, Shelton, Connecticut, U.S.A.)以去离子

水稀释而成。
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Figure 1. Ti background signal for blank.

Traditionally, nanoparticle size characteristics have been determined 
by several methods, including field flow fractionation (FFF), 
dynamic light scattering, and microscopy, among others. 
Recently, single particle inductively coupled plasma mass 
spectrometry (SP-ICP-MS) has been gaining attention as a way  
to both measure and characterize nanoparticles. Advantages of 
SP-ICP-MS include speed and the amount of information which 
can be gained from the analysis.

This work will focus on characterizing TiO2 nanoparticles in 
sunscreens using SP-ICP-MS with a simple sample preparation. 

Experimental

Sample Preparation
Sunscreen products were purchased at a local store and had the 
label information shown in Table 1. For each sample, 15 mL of 
sunscreen was added to a 50 mL container and mixed for three 
minutes to create a homogeneous sample. Next, 0.2 g of each 
homogenized sample was transferred to another container, 
followed by addition of 200 mL 1% Triton-X solution. These 
solutions were sonicated until all aggregates appeared to be 
broken up (5-10 minutes). After sonication, serial dilutions were 
performed on the samples with deionized water to produce 
particle concentrations of 100,000 – 200,000 particles/mL (as 
measured during analysis). 

Transport efficiency determination was performed with gold 
nanoparticles (50, 80, 100 nm, nanoComposix, San Diego, 
California, U.S.A.) which were prepared by dilution in deionized 
water to a final nominal concentration of 100,000 particles/mL. 
All standards were sonicated for five minutes prior to analysis to 
ensure that any agglomerated particles were dispersed. Forty 
nanometer TiO2 (US Research Nanomaterials Houston, Texas, 
U.S.A.) spikes were added to various samples to verify the 
accuracy of the TiO2 size measurements. 

Calibration standards for titanium consisted of 2, 5, and 10 ppb 
standards prepared in deionized water from a 1000 mg/L 
titanium standard (PerkinElmer, Shelton, Connecticut, U.S.A.).

Instrument Conditions
All analyses were performed on a PerkinElmer NexION® 350D 
ICP-MS using the Syngistix™ Nano Application Software Module. 
Tables 2 and 3 show the instrumental and method parameters, 
respectively. When using the Syngistix Nano Application Module, 
the quadrupole settling time is automatically eliminated, thus 
ensuring that no particles are missed. The combination of 
elimination of quadrupole settling time and short dwell time 
results in the collection of multiple data points for each particle.

Results and Discussion

To characterize the Ti background of the system and reagents, a 
blank solution consisting of only the reagents (i.e. Triton X-100 
in deionized water) was analyzed, with the resulting signal 
shown in Figure 1. While a few signal spikes are seen, the 
majority of the Ti background is below two counts, which 
demonstrates the cleanliness of the system.

Sunscreen SPF TiO2 Content (%)

1 60+ 4.9

2 50 6

3 45 0

4 50 6

5 45+ 5.1

Table 1. Label Information for Sunscreen Products. 

Parameter Value

Nebulizer Glass concentric

Spray chamber Glass cyclonic

Sample uptake rate 0.26-0.28 mL/min

RF power 1600W

Analysis mode Standard

Quadrupole settling time 0 µs

Table 2. NexION 350D ICP-MS Instrument Parameters. 

Parameter Value

Analyte Ti48

Dwell time 100 μs

Data acquisition time 100 sec

Density 4.23 g/cm3

Ti mass fraction 60%

Table 3. Method Parameters.

Readings

Ti
48

 c
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仪器条件

所有的分析都在PerkinElmer NexION 350D ICP-MS上使用

Syngistix Nano应用软件模块进行，表2和表3分别为仪器和

方法参数。使用Syngistix Nano应用模块时，四极杆质量分

析器稳定时间为零，从而保证没有粒子错过分析。四极杆稳

定时间为零和短的驻留时间相结合，使得每个粒子都采集

到许多数据点。
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结果和讨论

为表征系统和试剂中钛的背景，对只包含试剂的空白溶液

（如Triton X-100水溶液）进行了分析，所得到的信号如图

1所示。虽然可见一些信号尖峰，大部分Ti的背景在2cps以

下，说明系统洁净。
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为确认在防晒霜基质中检测到TiO2
纳米粒子的能力，对

没有任何TiO2
纳米粒子的防晒乳液（根据其标签）进行了

分析，如图2A所示。除了少数一些尖峰，背景相当于空白

（图1）。

接下来，在这个防晒乳液中添加了浓度为6.65μg / L的

40nm TiO2
颗粒，产生的信号如图2B所示。由于每个峰代

表一个粒子，显而易见的TiO2
粒子可以很容易地在防晒霜

基质中检出。
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To determine the ability to see TiO2 particles in a sunscreen matrix, 
the sunscreen without any TiO2 particles was analyzed. Figure 2A 
shows the TiO2 particle signal from a sunscreen which does not 
contain TiO2 (according to its label). Aside from a few spikes, the 
background is equivalent to the blank (Figure 1). 

Next, this sunscreen solution was spiked with 40 nm TiO2 
particles at a concentration of 6.65 µg/L; the resulting signal is 
shown in Figure 2B. Since each spike represents a particle, it is 
evident that TiO2 particles can easily be seen in a sunscreen matrix. 

Furthermore, the most frequent size particle was 37.7 µm, 
demonstrating the accuracy of the measurement. 

Figure 3 shows the TiO2 particle size distribution for a 20,000 
times-diluted sunscreen (Sunscreen 5).

With the ability to accurately measure TiO2 particles in sunscreen 
established, other sunscreen samples were analyzed three times; 
the results are shown in Table 4.

Figure 3. Processed data for 20,000 times-diluted sunscreen which contains TiO2 nanoparticles.

Figure 2. TiO2 signals from a sunscreen which does not contain TiO2 (2A), and spiked with 40 nm TiO2 (2B) particles. The screen shot shows the processed data of spiking 
40 nm TiO2 into a sunscreen which does not contain any TiO2 nanoparticles (2C).
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Readings

2B

此外，最常见的颗粒粒径为37.7μm，表明了测量的准确

度。

图3为稀释20,000倍的防晒霜（防晒霜5）TiO2
粒子的粒径

分布。

准确测定防晒霜中TiO2
粒子的方法建成后，其他防晒产品

依此方法检测三次，检测结果见表4.
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Component Description Part Number

Titanium standard 1000 ppm, 125 mL N9303806

Sample uptake tubing
0.38 mm id (green/orange), 
flared, 2-stop

N0777042

Drain tubing
1.30 mm id (gray/gray), 
Santoprene, 2-stop

N0777444

Conclusion

This work has demonstrated the ability to measure TiO2 
nanoparticles in commercial sunscreen samples. Using both  
the NexION 350 ICP-MS and the Syngistix Nano Application 
Software Module, the analysis is simple and rapid, yet can clearly 
differentiate the TiO2 content among different samples. 

Consumables Used

These results indicate that the sunscreens had TiO2 nanoparticles 
ranging from 24 – 67 nm, with similar size distributions in each. 
However, Sunscreen 5 is clearly different from the others: the 
smaller dilution factor required to obtain less than 200,000 
particles/mL indicates that fewer TiO2 particles are present in this 
sample than the others.

Sunscreen Dilution  
Factor

Most  
Frequent Size 

(nm)

Particle Size 
Distribution 

(nm)

Particle 
Concentration 
(particles/mL)

1 100,000 32 24 – 58 102,229

2 100,000 34 24 – 64 117,252

  3* 100,000 - - -

4 100,000 33 24 – 61 63,000

5 20,000 42 28 – 67 198,462

Table 4. TiO2 Nanoparticle Analysis in Commercial Sunscreens.

*This sunscreen contains no nanoparticles, as shown in Table 1.

结果表明，实验所取防晒霜样品TiO2
纳米颗粒的粒径为

24-67 nm，样品之间粒径分布规律类似。然而，防晒霜5与

其他样品有着明显的不同：较小的稀释因子即可获得小于

200,000颗粒/mL的浓度，表明其TiO2
纳米颗粒比其他样品

少。

本研究开发出了商业防晒霜样品中TiO2
纳米粒子的测量方

法，利用NexION 350 ICP-MS和Syngistix Nano应用软件

模块进行分析，简便、快速；还可以清楚的区分不同样品的

TiO2
含量。
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